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U.S. SHAFTMOUNT 4SYNCROGEAR 
reduces speeds... reduces design problems... reduces cost! 
U.S. Shaftmount Syncrogear offers not only the assurance of U.S. Motors quality stand- 
ards, but many special advantages of design and construction as well. To assure preci- 
sion, U.S. makes its own gears: Microshaves them to ideal profile, hardens them to exact 


toughness, then hones teeth after hardening for final superfinish that means quiet oper- 


ation, lengthened life! U.S. Shaftmount Syncrogears are available for %4 to 40 h.p., 


output speeds 125 to 5 rpm. 


U.S. ELECTRICAL MOTORS INC. FREE 
SYNCROGEAR 


P.O. Box 2058 « Los Angeles 54, California or Milford, Conn 
BROCHURE 
F No. F-2003 
. U.S. MAJOR MOTOR LINES INCLUDE Color iliustrated 
. 1. | 1C-p 2 Ilact aft, 2 Var jrive, 3 
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The new Hughes Universal Connector is de- 
signed for fast, solderless installation. Iden- 
tical and interchangeable plastic body halves 
accept either Hughes pins or sockets. No 
guide pins are necessary. Independent pre- 
cision polarization and engaging hardware 
assure perfect alignment — positive electri- 
cal connections through all pins and sockets. 


These connectors meet the requirements of 
MIL-STD202. They are available with various 
numbers and types of pins and sockets for 
use with 8 to 22 gauge wire and coaxial cable. 


Hughes crimping tools make it easy to bond 
pins and sockets to wire — permanently and 
solidly. Tools for individually inserting and 
extracting pins and sockets from the con- 
nector body are also 
offered by Hughes. 


To order Hughes Uni- 
versal Connectors, or 
to obtain additional in- 
formation on the com- 
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plete line of connecting devices offered by 
Hughes, please write, teletype or call direct. 
HUGHES INDUSTRIAL SYSTEMS DIVISION, 
P.O. BOX 90904, Los Angeles 45, California. 
TWX INGL 4117. For export information 
write: Hughes International, Culver City, 
California. 
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Other connecting devices offered by Hughes include: 


Rack and Panel Connectors « Printed Circuit 
Connectors « MS Connectors « CONTOUR* 
Cable Connectors « Relay Sockets « Custom 
Designed Special Applications Connectors « 
Crimp Style Solderless Contacts 


*Trademark Hughes Aircraft C 


HUGHES AIRCRAFT COMPANY 
INDUSTRIAL SYSTEMS DIVISION 
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MOTOR USER'S CASE HISTORY 


“Bodine Motors are 
DEPENDABLE” 


Massa, A division of 
Cohu Electronics, Inc. 


“‘We tested several makes of fractional horsepower motors to power our 
12-channel rectilinear recorder and selected Bodine Motors for these reasons 
... dependability . . . quietness of operation . . . superior design . . . quick 
delivery ... better packaging ... company reputation. Also we wanted a 
motor that had a high starting torque. This torque is necessary to attain 
the instantaneous chart speeds required of our recorders. We found Bodine 
Motors to have excellent starting torque.” 


... Ernest A. Massa, vice president 
Massa, A division of 
Cohu Electronics 


Here’s the Massa 12-Channel 
Recorder... powered by a Bodine 
Fractional Horsepower Motor 


This direct writing oscillographic 
recorder can record 12 signals 
simultaneously! [ts chart driving 
mechanism is powered by a 
Bodine, synchronous, split phase, 
reducer motor (see arrow). A 
clutch arrangement makes it 
possible to obtain 18 different 
synchronous chart speeds. 


3500 standard built-to-order BODINE MOTORS! 
300 stock BODINE MOTORS! 


BODINE 


More than 50 pictures, drawings and tables give de- fractional 
tailed information on the Bodine line of worm gear 


B MOSH) el 
speed reducer motors. A special section discusses, 


"factors in the application of speed reducer motors.” Wd, i pe (2 4 Ss 


Also included is a ‘characteristic chart’’ on various 
motor types. Ask for Bulletin 1022B, Bodine Electric ... the power behind the leading products 
Company, 2506 West Bradley Place, Chicago 18, Illinois. 


FREE ...16-page bulletin on speed reducer motors 
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WHAT 
DEPENDABLE 


SLIDE SWITCHES 
CAN DO FOR YOUR PRODUCTS 


ADD coOLOR—Trigger knobs in 10 attractive 
colors add decorative and functional touches 
to switching operations. 


CUT costTs—Low in initial cost, Stackpole Slide 
Switches often reduce costs up to 50% over 
other type switches. 


SAVE SPACE—Stackpole Slide Switches take less 
panel area, often depth than conven- 
tional switches. 


SIMPLIFY PRODUCTION—Choice of solder lug or 
printed wiring terminals, clearance or 
tapped-extrusion mounting holes. 


HANDLE HIGHER LOADS—0.5- to l1-amp types for 
electronic equipment. 1-, 3-, and 6-amp 
types for appliances and power tools. 


SWITCH COMPLEX CIRCUITS—1- to 3-poles, 2- to 
4-positions for real switching versatility. 


FACILITATE OPERATION — Trend-setting slide 
action available with or without detents and 
spring returns. Plunger-operated and match- 
ing pushbutton styles also available. 


Write for Slide Switch Bulletin 


STACKPOLE 


ELECTRONIC COMPONENTS D/V/ISION 
STACKPOLE CARBON COMPANY, St. Marys, Pennsylvania 
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PHELPS 
DODGE 
MAGNET 
WIRE... 


AGLAS 


Offers flexible 


glass insulation 


with proven | 
thermal 
stability ! 


Phelps Dodge Daglas, a magnet 
wire insulation of fiberglas and 
Dacron* fused together, combines 
the excellent performance of glass 
wire with exceptional flexibility, 
adhesion and forming properties. 
Daglas is proven in Class ““B” and 
“F” applications, takes tougher 
windings, cuts rejections and 
lowers overall costs. When used 
with a silicone overbond, Daglas 
meets Class “‘H’’ requirements— 
and eliminates Class “‘H’”’ winding 
problems. 


*Dacron—Du Pont’s polyester fiber 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 

TO MARKET! 
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Components, Electrical /Electronic 


Your Classification: 
Magnetic Components 


* The Technique of 
Transformer Design 


4 rational approach to power transformer design is derived 
from basic magnetic and electrical principles. Detailed elec- 
trical and thermal design aspects are discussed, with examples. 
Transformers for rectifier circuits are stressed. 


. Corp., Kenilworth, N. J. 
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Components, Electrical / Electronic 


Your Classification: 
Semiconductor Devices 


Semiconductor Electronics 
4—Transistor Network Analysis 


General four-terminal networks are analyzed in terms of the 
various possible parameters. The same techniques are then 
ipplied to transistor circuits. Properties of common-base, 
common-emitter, and common-collector connected transistors 
ire developed. (The fourth in a six-part series.) 


A, A. Sorensen, Space Technology Laboratories, Inc., Los 
Angeles, Calif 
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Science and Engineering Articles Coming Up... 


In the next few months readers can look forward to seeing 
the following subject areas covered in the yellow pages of 
ELECTRO-TECH NOLOGY: 


The Nature of Electrical Breakdown in Gases 
Statistics, Probabilities and The Theory of Games 
Quantum Theory and Solid-State Devices 

Psychology and Human Factors in Systems Engineering 


All these subject areas received a high interest rating on 
the basis of a pretest made last summer among a random 
selection of some 1500 readers. We hope that what they and 
others will read in coming months will meet, if not surpass, 
their expectations. 


in this issue 


Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 
Design Considerations 
Thermal Design Factors 


Thermoelectric Refrigeration and its 
Application 


A practical approach to the theory of refrigeration using 
thermoelectric effects, with actual examples to illustrate ap- 
plication of the various principles to the design of a device. 


R. S. Lackey and W. L. Wright, Westinghouse Electric Corp., 
Cheswick, Pa. 


Electro-Technology 1961 January p 68 6 pp 


Materials, Electrical/Electronic Your Classification: 


Electrical Insulation and Dielectrics 


Thermal Classification of Pressure- 
Sensitive Adhesive Electrical Tapes 


Growing applications for pressure-sensitive electrical tapes 
as permanent elements in insulation systems lead to a detailed 
investigation of their temperature aging behavior, so that the 
tapes can be fitted into temperature classes with predictable 
service life. Several tapes (including some newer types) were 
subjected to physical and electrical tests, among them a 
dynamic flexing test. Results are given and analyzed. 


R. E. Hudrlik and W. M. Hanson, Minnesota Mining & Manu- 


facturing Co., St. Paul, Minn. 


Electro-Technology 
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Testing 
Components 

Components, Electrical/Electronic 
Semiconductor Devices 


A Technique for Measuring High- 
Frequency Transistor Characteristics 


lest equipment to measure high-frequency small-signal transis- 
tor parameters, such as current gain, has been developed. By 
using suitable adaptors, other parameters and other two- o1 
four-terminal devices can be measured. Essentially a complex 
voltage-ratio meter that measures the absolute value of two 
voltages or their ratio, and the phase angle between them, 
the device uses low signal levels at frequencies below 50 me. 


R. Fekete, Product Development Laboratory, International 
Business Machines Corp., Poughkeepsie, N.Y. 


Electro-Technology 1961 January p 126 444 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 caras 


*& Reprints available—see pages 146 and 150 


For. your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Science and Engineering 


Your Classification: 
Mathematics 


* Bessel and Gamma Functions 


Bessel’s equation and the Bessel functions, recurrence rela- 
tionships, and the generalized form of Bessel’s equation are 
presented. The gamma function, the solution to Bessel’s equa- 
tion, and the method for deducing recurrence relationships, 
or basic identities, are given. The values of Bessel’s zero- and 
first-order functions of the first and second kind (both ordinary 
and modified) and gamma functions are tabulated. 


Allan D, Kraus, Sperry Gyroscope Co., a Division of the 
Sperry Rand Corporation, Great Neck, N.Y. 


Electro-Tech nology 
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Materials, Electrical/ Electronic Your Classification: 


Magnetic Materials 
Design Considerations 
Nuclear Radiation Effects 


Environmental Evaluation of 
Magnetic Materials 


Results of studies completed by U, S. Naval Ordnance Labora- 
tory and others in the development and utilization of magnetic 
materials performance in extreme environments. Included are 
both soft core materials and hard permanent-magnet materials. 
Environmental performances are evaluated under conditions 
of 500 C (and above) temperatures, nuclear radiation up to 
~ 10'* fast neutrons/em? and nuclear pulse radiation up to 
10'® fast neutrons/em2?. 


D. I. Gordon, U. S. Naval Ordnance Lab., Silver Spring, Md. 


Electro-Technology 1961 January p 118 8 pp 


Design Considerations 
Thermal Design Factors 
Motors 
Special 


Your Classification: 


Instrument Motor Temperature- 
Rise Factors 


The influence of electrical input, duty cycle and method of 
mounting on instrument motor temperature and life are de- 
picted. Tests of a typical motor are used to demonstrate the 
motor application advice. 


Robert Matthews, Holtzer-Cabot Motor Div., National Pneu- 
matic Co., Inc., Boston, Mass. 


Electro-Technology 1961 January p 132 112 pp 
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Science and Engineering Your Classification: 


Physics 
Network Theory 


* Introduction to Network 
Synthesis 


Basic characteristics of network synthesis are presented and 
synthesis for optimum results and exact solutions is demon- 
strated. Frequency-domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of simple driving-point 
functions by recognition, realizability conditions, approxima- 
tion of a given curve by an appropriate rational function, 
related problems. 


L.. Weinberg, Hughes Research Laboratories, Malibu, Calif. 
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Electro-Technology 


RESEARCH HORIZONS this month: 


Tunneling effects in thin-film configurations are being investi- 
gated by research laboratories. Important potential applica- 
tions for such devices are indicated in microelectronics. . 
The electronic structure of metals has been studied by means 
of sound-wave propagation through the crystal lattice. 
Research projects in electrical insulation and dielectrics in- 
clude programs for ultrahigh temperature embedment com 
pounds and inorganic silicates, oxides and nitrides. 


Tunneling Effects in Thin-Film Electronic Devices 
Electron Momentum Determination with Sound Waves p 12 


Current R & D Programs in Electrical Insulation and Dielec- 
tric Materials p 13 


Electro-Technology 1961 January p 11 3 pp 


COMING UP... 


February’s Science & Engineering insert, by J. C. Devins and 
A. H. Sharbaugh of GE Research Laboratory, will cover the 
Nature of Electrical Breakdown in Gases. Also scheduled 
for this issue are: Part 5 of the Semiconductor Electronics 
Series—Transistor Amplifier Design, Part 1 of a new 
series on Cooling Fins, a Review of the Magnetism Con- 
Reliability 


through Redundancy and Error-Correcting Codes, Elec- 


ference, Wafer Transformers for 350 C, 


tronic Components Reliability in Great Britain. 
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New high power 
silicon 
rectifier cells 


Ratings to 600 volts... Currents 


to 240 amps! 


Designed specifically for high-power applications, this new 
Type 439 Westinghouse rectifier cell features a peak reverse 
voltage rated at 600 volts. Another Westinghouse exclusive is 
the fused ceramic-to-metal construction that is hermetically 
sealed for extra reliability, extra ruggedness, extra-long life. Other 
features include: 


¢ Lightweight (8 oz.), small size 
¢ Hard soldered connections 
¢ Junction temperatures to 190°C. 


¢ No thermal fatigue 

High current, high voltage applications include: Electro-chemical 
refining / Plating / Elevators / Cranes / D-C motors / Battery 
chargers / Railway traction / Welders. 

For more information, call your nearest Westinghouse repre- 
sentative or semiconductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna. 
When it comes to semiconductors... you can be sure... if 
it’s Westinghouse. SC-1010 


estinghouse (W) 
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For immediate ‘‘off-the-shelf” delivery, order 
from these Westinghouse Distributors: 


EASTERN 
ACK SEMICONDUCTOR, INC. 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS INC. 
Melbourne, Florida/PA 3-144} 
GENERAL RADIO SUPPLY CO., INC. 
Camden, N. J./WO 4-8560 
GENESEE RADIO PARTS CO. 
Buffalo, N. Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N. Y./PI 6-6520 
MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. 
Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. 
Chicago, IIl./NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC. 
Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 
Dallas, Texas/TA 4-3001 


WESTERN 
ELMAR ELECTRONICS 


Oakland, Calif./TE 4-3311 

HAMILTON ELECTRO SALES 
Los Angeles, Calif./BR 2-9154 

NEWARK ELECTRONICS CO. 
Inglewood, Calif./OR 4-8440 
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MEGA-POWER 


1310 SERIES 


MAGNETIC AMPLIFIERS 


the NEWEST in a complete line from the pioneer 
in magnetic amplifier design and development 


Seven sizes, from 75 H.P. to 400 H.P. 
Recommended when high capacity controlled 
DC power is required for variable-speed DC 
motor drives. As replacement for conven- 
tional motor-generator power supplies, these 
static devices are more compact, more relia- 
ble, last longer and require less maintenance. 
An excellent source of controlled DC 
power for plating, electrochemical processes, 
accelerator magnets and other DC applications. 
Other Mega-Power units are available in 
sizes up to 2.5 Megawatts. 
Write for Complete Information on this New Line of 
Vickers Magnetic Amplifiers. Ask for Bulletin 1310-3. V | C K E R 5 | N C 0 R P 0 R A T E D 


Division of SPERRY-RAND Corporation 


Facectric Grooucts Bivision 


1803 LOCUST STREET 
SAINT LOUIS 3, MISSOURI 
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RESEARCH Horizons 


Edited by ALex E. Javirz, Special Features Editor 


Tunneling Effects In Thin-Film 


Electronic Devices 


Independent discoveries at two labo- 
ratories may lead to significant po- 
tential applications in microelectronic 
circuitry. 


AN ELECTRON tunneling phenomenon 
such as is found in the semiconducting 
tunnel diode has also been observed in 
simpler configurations under tempera- 
tures approaching absolute zero. Inde- 
pendent discoveries at Arthur D. Little, 
Inc., and at the General Electric Re- 
search Laboratory have shown that such 
tunneling takes place in a_ thin-film 
device consisting of a metal-dielectric- 
metal sandwich. Potentially, this ex- 
perimental work may lead to the de- 
velopment of microelectronic compo- 
nents of increased reliability, flexibility 
and compactness. An extension of the 
present range of cryogenic circuitry is 
seen possible in the development of 
low-noise amplifiers, high-frequency os- 
cillators, and new types of switching 
and memory devices. It is emphasized, 
however, that these thin-film devices 
are not simply substitutes for existing 
devices, but possess their own unique 
characteristics. 

Since such devices are prepared by 
deposition of metal and dielectric film 
on a suitable substrate, it is theoreti- 
cally possible to deposit in one opera- 
tion complex circuits that involve a 
large number of active components. 
Fabrication and assembling costs can 
therefore be reduced sharply. Other 
potential advantages are seen in low- 
power requirements, very-high-frequen- 
cy operation, and the ability to achieve 
component density much greater than 
is now possible with existing semicon- 
ductor devices. At present, however, 
these discoveries are primarily of scien- 
tific interest; much work is needed 
before practical applications can be 
developed. The very fact that a cryo- 
genic environment is essential for opera- 
tion may prove a handicap in some 
applications. However, the 
availability of small liquid-helium re- 
frigerators may overcome such handi- 


present 
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-num—aluminum oxide 


caps; moreover, cryogenic technology 
is generally advancing steadily both in 
techniques and equipment. 

The new devices (Arthur D. Little 
calls them “tunneltrons”) exhibit an 
important effect 
that is independent of the direction of 
current flow. This versatile effect is not 
possessed by the tunnel diode. The 
may be 


negative resistance 


negative-resistance region 
changed by subjecting the device to a 
magnetic field or by changing the tem- 
perature. 

As described both by General Elec- 
tric and Little, these devices are essen- 
tially as shown in Fig. 1, and utilize an 
aluminum oxide dielectric. It is under- 
stood, however, that experimental work 
has been done with films of other metals 
and that tunneling effects have been 
observed with oxides of tantalum, nio- 
bium and nickel. 

Owing to the extreme thinness of the 
dielectric film (say about 10 atom lay- 
ers) a current will flow (some tunnel- 
ing will take place) between the metal 
films, even when neither is in a super- 
conducting state. This is shown in 
Curve A, Fig. 2. In this situation, the 
current is directly proportional to the 
voltage. 

Curve B illustrates tunneling between 
a normal metal and a superconductor. 
At low 


flows. The superconductor does not ac- 


voltages, almost no current 


cept electrons with such small energy. 
This behavior is observed for an alumi- 
lead device at 
temperatures between 1.2 and 7.2 deg 
Kelvin, where only the lead is super- 
conducting. 

Curve C shows tunneling between 
two superconductors; this is achieved 
aluminum-aluminum 
oxide-lead sandwich to below 1.2 K, 
where both the lead and the aluminum 
are superconducting. In this situation, 
the first part of Curve C shows that, 
when the voltage is low, almost no 
current flows. This is because electrons 
with small energies are reflected from 
a superconductor. Then, as the voltage 


by cooling the 


increases, the current also increases. 
But after a certain voltage has been 
reached, the current decreases as the 
voltage increases. In the last part of 
this curve, it is seen that the current 
increases with the voltage once again 
and approaches the normal value. 
The group of General Electric scien- 
tists engaged in the work described 
here is headed by Dr. Ivar Giaever. 
At Arthur D. Little, the group working 
in this field consists of Dr. James Nicol. 
Dr. Sidney Shapiro and Paul H. Smith. 


N 
N 
N 
N 
N 
N 
B 


A 


Fig. 1—Preparation of tunnel thin-film 
device: (A) a strip of aluminum is evap- 
orated on a glass slide; (B) the strip is 
oxidized; (C) the strip of lead is evap- 
orated across the aluminum strip, sand- 
wiching the oxide film between the two 
metal strips. 


Voltage 


Fig. 2-—Current-voltage characteristics 
for tunneling through a thin insulating 
film: (A) tunneling between two normal 
metals; (B) tunneling between one 
normal metal and a superconductor; (C) 
tunneling between two superconductors, 
showing negative resistance. (Source: 
Figs. 1 and 2, General Electric Research 
Laboratory.) 
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RESEARCH 
Horizons 


High-Efficiency 
Solar Cells 


Solar cells made from silicon dendrites 
have been operated experimentally at 
an efficiency of 15 per cent, based on 
a power input of 100 milliwatts per 
sq cm (one “sun”). This is the order 
of efficiency desired for solar cell de- 
sign. In a review of this development 
during the recent Northeast Electronics 
Research and Engineering Meeting in 
Boston, Mass., by R. K. Riel and J. P. 
McKelvey, Westinghouse Electric Cor- 
poration Semiconductor Department, it 
was indicated that solar cells prepared 


Research Note 


from dendrites may overcome some of 
the process limitations encountered in 
the use of other materials. For optimum 
design. the following characteristics are 
desirable: low internal resistance, as 
high an open-circuit 
theoretically possible, and a diffused 
layer low in resistance and high in 
lifetime stability. Both boron and 
phosphorus have been used as diffus- 
ants in the preparation of the cells. 


voltage as is 


Micro-Notes .. . 


Patented method for molding sintered 
TFE-fluorocarbon granted to 
Continental-Diamond Fibre Corpora- 
tion, is used to produce parts free 
from porosity, cracks and “leathery” 
surface texture, even when reclaimed 
sintered material is used. The process 
is described as producing parts with 
electric strength properties superior to 
those obtained by conventional fabri- 
methods. Sound skived 


resin, 


cating sheet 


material can be made from molded 
stock . . .. The future possibility of 
producing polymers with a_ silicon- 
nitrogen backbone (analogous to the 
conventional silicones with their silicon- 
oxygen backbone) was presented by 
Dr. E. G. Rochow, Harvard University, 
in a paper before the recent Interna- 
tional Congress of the Société de 
Chimie Industrielle, Barcelona, Spain. 
Several possible advantages were noted, 
among them ability to function at tem- 
peratures above 500 C; moreover, there 
is an almost inexhaustible natural 
abundance of the basic materials ... . 
Durability (including better-than-con- 
ventional environmental stress cracking 
resistance and temperature embrittle- 
ment resistance) is indicated for a new 
type of high-density polyethylene de- 
veloped by Goodrich-Gulf Chemicals, 
Inc. Processing ease common to con- 
ventional materials is maintained. Ap- 
plications include wire and cable in- 
sulation. 


Electron Momentum Determination with Sound Waves 


NEW INFORMATION on the electronic struc- 
tures of metals is being obtained by an 
age-old method of mechanically shaking 
the metal lattice and observing the decay 
of mechanical vibrations as they travel 


Conductor carries pulsed 
r-f electromagnetic 
energy 


Dewar filled 


with liquid 


helium keeps 
sample at 4.2 K 


Transducer 
(quartz with 
metal contacts 


Metal sample 


Sound waves 
becoming 
attenuated 


Fig. 1 — Schematic of experimental setup 
for measuring sound attenuation. 


propagofior 


Fig. 2---Electron interaction with sound 


wave propagating to the right with mag- 
netic field directed into plane of drawing. 
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through the lattice. Impetus to new stud- 
ies with this method is due currently to 
the availability of new ultra-pure metals 
and new knowledge concerning the inter- 
action of a sound wave with conduction 
electrons in a metal. The information 
being sought is a detailed description of 
the momentum of the conduction elec- 
trons as a function of their direction of 
travel in the metal lattice. 

The usual means of visualizing the dis- 
tribution of electron momenta is the 
Fermi surface. This surface for a simple 
metal, like sodium, may be spherical. For 
metals of slightly greater complexity, such 
as copper, the sphere may be slightly dis- 
torted and will reflect the symmetry of 
the copper lattice. For more complicated 
metals, including those with more than 
one conduction electron per atom, and 
also those with hexagonal and more com- 
plicated structures, the Fermi surface be- 
comes more involved and breaks up into 
a series of surfaces which are used to 
describe electron motion within the crys- 
tal lattice. If this information were avail- 
able for all metals, it would permit one 
to describe in more detail the electronic 
properties of conductors, as well as such 
other physical properties as the specific 
heat. 

A schematic of the experimental setup 
is shown in Fig. 1. An ultra-pure metal 
sample about one cubic centimeter in vol- 
ume is held in a magnetic field at the 
temperature of liquid helium (—269 C 
or 4.2 K). Ultrasound in the frequency 
range of 50-100 mc is transmitted through 
the specimen by the quartz transmitter, 
which is attached with a special grease 
which retains some plasticity at very low 
temperatures. The sound pulse introduced 
is about one microsecond long and trav- 
els through the crystal to the flat bottom. 
After reflecting from the bottom, it re- 


activates the quartz transducer. Thus, a 
sequence of reflected pulses may be ob- 
served on a voltage-vs-time plot. The at- 
tenuation of the sound may then be 
deducted from the decrease in amplitude 
of successive pulses or by the absolute 
variation of a single pulse amplitude with 
the application of a variable magnetic 
field. 

The combination of ultra-purity in the 
metal and the very low’ temperature 
yields a long mean free path for the con- 
duction electrons. Thus, when the mag- 
netic field is applied, the electrons are 
driven into orbits determined by the field 
magnitude. The interaction of these elec- 
trons in orbit with an electric field in- 
duced in the lattice by the presence of 
the sound wave, of wave length \, pro 
duces several unusual effects in the sound 
attenuation. The effect directly related to 
the measurement of momentum is_ the 
interaction of the sound wave with elec- 
trons moving in orbits the diameters of 
which are multiples of 4/4. 

In Fig. 2, a schematic representation of 
a shear sound wave with superimposed 
electron orbits is shown. The presence of 
the lattice distortions resulting from the 
sound wave induces a sinusoidal electric 
field, as shown at the top of Fig. 2. Now 
consider an orbit with a radius of \/4 or 
other odd-numbered multiples _ thereof. 
Electrons in orbits of this size interact 
with the induced electric field in such a 
way as to be continuously either acceler- 
ated or decelerated. This large interaction 
with the induced electric field yields a 
low attenuation. If, on the other hand, we 
consider those electrons in orbits with 
even numbers of quarter wavelengths, we 
find that the electron is first accelerated 
and then decelerated in its traverse 
around the orbit. This corresponds to a 
low interaction with the electric field and 
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Fig. 3— Geometric resonances observed 
for some simple metals. 


the consequent large attenuation of the 
sound wave. 

The result of these two types of inter 
behavior of the 
attenuation as one sweeps the radius size 


actions is an oscillatory 


through the available experimental range. 
Figure 3 is a schematic drawing of oscil- 
lations which are observed in simple 
as copper, silver and alumi- 


num. The period A(1/H), which is meas- 


metals such 


ured between adjacent maxima, is directly 
related to an extremal dimension across 
the Fermi surface. 

From a series of such attenuation meas- 
urements one could in principle deduce 
the shape of the Fermi surface of a given 
metal. For instance, if a Fermi surface 
were spherical, the behavior 
would be the same for all orientations of 
the crystal under study. However, if the 
surface were more complex, the various 
bands or portions of the surface would 
contribute behavior which 
would vary markedly with crystal orienta- 
tion. 


oscillatory 


oscillatory 


Research Note 


One of the more complex surfaces that 
has been studied is that of the second 
band in aluminum, a portion of which is 
sketched in Fig., 4. The surface is made 
up of fourteen pieces of spherical surface, 
ill having the same radii but each with a 
different origin. Evidence for 
moving around over this complex surface 
has been found. An example of an orbit 
shown in Fig. 4, 
ilong with the dimension which is ex- 
perimentally determined. The results of 
these indicate the nature 
and shape of the Fermi surface of alumi- 
num and is helpful in choosing between 
surface that have been 


electrons 


cross-section is also 


measurements 


models of the 
proposed. 

One interesting result of these measure- 
ments is that the simple concept charac- 
terized by the long debated “nearly-free- 
electron” theory proves to be very close 
to the actual model of the Fermi surface 
found. This implication alone, which has 
been substantiated by several additional 
types of experimental evidence, is an im- 
since the band 
metals was 


portant development, 
structure of the polyvalent 
always thought to be exceedingly com- 
plex. Theoretical work may now be ex- 
tended to give better understanding of 
the interrelation of various electrical phe- 
nomena in metal lattices, as well as give 
us the useful ability to predict the prop- 
erties of conductors. 


B. W. ROBERTS 
Research Laboratory 
GENERAL E cectric Co. 
Schenectady, New York 


Measured 
by 
experiment 


(b) 


Fig. 4— (a) Second zone (or band) of 
Fermi surface in aluminum. (b) Cross 
section through Fermi surface to show 
an observed orbit. 
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Current R & D Programs in Electrical Insulation and Dielectric Materials —2 


The source of the summaries pub- 
lished here is the Advisory Group on 
Electronic Parts (AGEP), Office of the 
Director, Defense Research and Engi- 
neering. Department of Defense. Fur- 
ther information may be requested on 
a “need to know” basis from the AGEP 
Secretariat, University of Pennsylvania, 
Philadelphia, Pa. (Other summaries in 
this series were published in the De- 
cember 1960 issue.) 


Ultrahigh-Temperature Dielectric Ma- 
terial for Embedding Electronic Parts 
(Inorganic). Development of an inorganic 
or semi-inorganic dielectric material suit- 
able for embedding electronic parts having 
a minimum life of 500 hr at 350 C (am- 
bient) and a target life objective of 3000 
hr at 500 C (ambient). The material is to 
be of a form suitable for application with 
minimum shrinkage and porosity, closely 
match metals in thermal expansion and 
withstand thermal shock. 


Dielectric Evaluation. To evaluate ex- 
perimental materials furnished by the Ma- 
terials Laboratory, WADD. Initial evalua- 
tion will be for thermal stability. More 
promising materials will be further evalu- 
ated for use as dielectric materials for 
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various applications and as elastomers or 
transparent plastics. 


Inorganic Silicates, Oxides, and Boron 
Nitrides. To synthesize and purify dielec- 
tric materials referred to chemically as 
inorganic silicates, inorganic oxides and as 
nitrides, primarily boron nitride. Emphasis 
will be placed on their preparation in a 
form useful for the fabrication of capaci- 
tors, wire and cable insulation and inter- 
layer insulation for transformers and re- 
lated electrical components for 538 C 
application. 


Silica Hollow Microspheres. To develop 
silica hollow microspheres and a method of 
bonding them with silica (colloidal) for 
use in the fabrication of core material for 
radomes, of encapsulated electrical com- 
ponents, and of thermal insulation. The 
final silica foam should be an excellent di- 
electric material with a temperature capa- 
bility of 1093 C. 


High-Temperature Dielectric Material 
for Embedding Electronic Parts. To devel- 
op high-temperature dielectric material 
with suitable properties and a minimum 
life of 500 hr at 500 C (ambient) for em- 
bedding electronic parts. To include in- 
vestigation of low melting glasses and their 
reaction in situ with such compounds as 
barium fluorosilicate to form a 500 C em- 
bedding compound. 


Fluorine - Containing Condensation 
Polymers for Dielectric Applications. 
To develop fluorine-containing condensa- 
tion polymers for dielectric applications. 
These resins should be important for wire 
enamels and dielectric Jaminates of im- 
proved thermal and chemical stability. 


Radiation Effects in Magnetics and Di- 
electrics. Determination of the properties 
of magnetic and dielectric materials that 
are the most sensitive to neutron radiation, 
and how this sensitivity is related to the 
compositional and structural perfection of 
the specimens. The rate of recovery of 
useful magnetic and dielectric properties 
will also be established. 


High-Temperature Conformal Coating 
Material for Printed Wiring. Develop- 
ment of a conformal coating material 
capable of withstanding temperature ex- 
tremes from —65 to 250 C (200 C am- 
bient plus 50 C temperature rise on 
printed-wiring board) for 2000 hr. Adher- 
ence to specified materials will be required. 


Ultrahigh Temperature Dielectric Ma- 
terials for Capacitors. Development and 
evaluation of various compositions in two 
ceramic systems, one containing a mixture 
of strontium, tantalum and zinc oxides and 
the other a mixture of strontium, tantalum 
and tin oxides. 
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DIMENSIONS (ACTUAL SIZE) 


| — row — 


AIAN T 


Micrw Edge Nore Nin Micro Mod 


64 SERIES 74 oS 96 SERIES 


Circle 110 on Inqui 












Vee 


Receptacle for flexible printed wiring or 
printed circuit boards. 15 contacts on .075” 
centers, with 2 lines of interference 

per circuit. 


, Micro Min 


19 contact receptacle with mating 
components mounting board or 38 contact 
rack & panel/modular pair. Contacts on 
AOls\0 Mot -10) (1 8-m 


Mecre Hod 


12 contacts on .075” centers. 2 types 
available for eithér nrodular use or for 
cable-to-cable, cable-to-chassis or 


idly usage. 


AMPHE || AMPHENOL CONNECTOR DIVISION 
—— Amphenol-Borg Electronics Corporation 


1830 S. 54th AVE., CHICAGO 5SO, ILLINOIS 


0 Send me full information on Micro Edge, Micro Min and Micro Mod 
NAME TITLE 


COMPANY 


COMPANY ADDRESS 


CITY. 


increase heating range to 


O 
3200'c 
with Speer Graphite 
Furnace Elemerits 


Speer will machine single- or three- 
phase graphite furnace elements to your 
specifications. Suitable for operation 
under vacuum or inert atmosphere con- 
ditions, these heating elements are ideal 
where temperatures in the 1500-3200°C 
range are desired. They are available 
up to 30 inches OD or as small as a 
fraction of an inch in diameter. 

Let Speer help you with your problems 
of heater design. Call or write for fur- 
ther information. 


Carbon Products Division 
St. Marys, Pennsylvania 
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Plus or Minus 


On Secrecy and Security 


\ phase we have deplored for some 
time seems to be coming to a close. 
At this we rejoice. According to a re- 
Times, 
Dr. Edward Teller is convinced that 


cent article in the New York 
our safety in the nuclear field no 
longer lies in keeping all we know to 
ourselves. and that free discussion 
should strengthen the free world mili- 
tarily and morally. 

The implication, for engineers and 
scientists, we believe. is enormous. We 
have all deplored the security restric- 
tions that so often seem quite meaning 
less and which have had disastrous 
effects in restricting free interchange 
of information, thereby 
mendous waste through duplication of 
effort. We passed the zenith of “se- 
crecy and security” 


causing tre- 


some time ago, 
and we are happy to say that now 
that Dr. Teller has given his official 
approval to “unsecrecy” we have hope 
that a more free and speedy exchange 
of information and knowledge can 
come about. We believe firmly that 
lifeblood — of 
science and of progress, and that un- 
hampered informed 
public opinion are the cornerstones of 


communication is the 
discussion and 


scientific and also of our 
democratic form of government. 

Dr. Teller says that “a liberalization 
of the Atomic Energy Act in 1958 
did allow more discussion with our 


progress 


allies.” This alleviated the problem, 
but it has not eliminated it. There still 
are problems. It is not only a question 
of military security; there are organi- 
zations which believe that a proprieta- 
ry interest is best served by guarding 
so-called secrets. One of the troubles is 
that, of necessity, those who determine 
what should and what should not be 
kept secret are very often not the best- 
qualified to determine what can and 
what cannot be held secret. It is really 
rather difficult to keep scientific secrets 
from scientists. They know how their 
colleagues work, how they think, and 
they can usually learn to understand 
even what has been kept “secret.” The 
layman could not very often under- 
stand what is really discussed among 
scientists simply because he does not 
have the technical background. 

We are looking forward to a way 


out of this dilemma, net only as far as 


our military research is concerned, but 
in hopes that government-sponsored 


research information will show the 
way to some of the companies to co- 
their 


knowledge. In this competition, we be- 


operate and compete to pool 
winners. It 
seems rather foolish for companies to 
run a blind-folded race with one an- 


lieve there can be only 


other when qualified personnel is in 
such short supply and when they could 
complement one another’s research ef- 


forts. —A.M.H. 


Correction 


\. V. Lambert, Sun- 
nyvale, Calif., has called our attention 
to an error in the October 1960 S& E 
“Number—the Language of 
On page 132, column 2, 


Eagle-eved reade 


article, 

Engineering.” 

the first equation should read: 
36 6 1 


l } 
30 30 30/6 


THIS MONTH’S COVER 


Electro-Technology 


The Deeign Magazine of BlectricaElectrom Science and Engmeenng 


Network Synthesis is represented by 
Evectro-TECHNOLOGY cover artist Jan Van 
Eerde as the creation of order and de- 
sign out of chaos. Synthesis is capable of 
giving optimum results and exact solu- 
tions: these are represented by hexagonal 
cells which (as we learn from the bees) 
provide optimum storage in an_ exact 
geometric design using the least struc- 
tural material. This month’s Science & 
Engineering article begins on page 85. 
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ANT TanT: 
NEW, 


OPW ef 
OAD RELAY 


+165°F 













COMPENSATES 
FOR BOTH HEAT 
AND COLD FROM 
—20°F to 165°F 





RELIABLE AND ACCURATE PROTECTION REGARDLESS OF HEAT OR COLD 








Here, for the first time, is a compact overload 
relay that compensates for both heat and cold, 
operating on the same time curve at all tem- 
peratures from -20°F to 165° F. Compensation is 
completely automatic. No field adjustment is 
needed. Operating mechanism is simple, rugged 
and dependable. 

This performance is made possible by the exclu- 
sive Arrow-Hart “Balancing Bi-Metal” which is 
located in a separate compartment and is not; 


therefore, affected by heat applied to the working 
bi-metal. 


e MUCH SMALLER SIZE... than any other comparable 
unit now available. Base size is the same as stand- 
ard A-H Overload Relays. 


e USES STANDARD HEATERS . . . and works equally well 
with either quick-trip or regular type. 

e COMPENSATES AUTOMATICALLY for both heat or cold, 
by means of an exclusive, “Balancing Bi-Metal”’ 


SEE NEXT PAGE FOR CONSTRUCTION DETAILS and ADDITIONAL DATA~: - -__- 


Effective through a temperature range from 
—20°F to 165°F. 
e DEPENDABLE IN OPERATION. . 
ments of any kind. 


e AVAILABLE... with all A-H Starters. Ratings 
from 25 to 300 amperes, continuous current. 
Normally supplied with manual reset. If desired, 
relays can be equipped with a change-over lever 
that provides manual or automatic reset, as re- 
quired. 


IDEAL FOR USE... 


OUTDOORS ...... in oil fields and other 
installations subjected to wide seasonal or daily 
changes in ambient temperatures. 


INDOORS .... for control installations lo- 
cated near boilers, furnaces, heating units or 
refrigeration equipment and subjected to wide 
daily changes in ambient temperature. 


- and requires no adjust- 
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AMBIENT COMPENSATED 
OVERLOAD RELAYS 


WITH “BALANCING BI-METAL’ 


DEPENDAE 
A WIDE RA 


As shown in the accompany 

the working bi-metal and 

sating bi-metal are identical 
construction and are joined b 

pling bar. As the ambient tempé 

rises above 72°F, the compensati 
metal operates through the coupling 

to move the working bi-metal in ord 
to maintain its distance from the tri 
arm. Similarly, as the ambient tempera- 
ture falls below 72°F, the compensating 
bi-metal operates to maintain its dis- 
tance from the trip arm. Therefore, trip- 
ping time remains the same regardless 
of temperature. Switching mechanism 
itself employs the same positive snap- 
action featured in all Arrow-Hart Over- 
load Relays. The calibrating screw 
permits precise setting. This screw is set 
and sealed at the factory and requires 
no further adjustment. 


PERCENT O§ 


SEND NOW FOR COMPLETE INFORMATION 


COMPARABLE IN SIZE TO 
STANDARD ARROW-HART O.L. RELAYS 


MAIN BI-METAL 


TRIP ARM 


SNAP ACTION 
SWITCHING 
MECHANISM 


CALIBRATING SCREW COMPENSATING BI 
Ambient Compensated Standard FACTORY SET AND SEALED 


O.L. Relay O.L. Relay 
PATENT NO. 2,908,786 


OPERATES ON THE SAME TIME CURVE AT ALL 
TEMPERATURES FROM — 20°F TO 165°F! 


ARROW @ HART 


Kaley wait 1890 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 

103 Hawthorn Street, Hartford 6, Connecticut 
MOTOR CONTROL DIVISION 

Please send me complete information on the new Arrow- 

Hart Ambient Compensated Overload Relays with exclusive 

“Balancing Bi-Metal’” Mechanism. 


name 
position 
company 
co. address 


MOTOR CONTROLS + ENCLOSED SWITCHES 
APPLIANCE SWITCHES + WIRING DEVICES 
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Air Express gets your shipment first on, first off 


When the AiR EXPRESS /abe/ goes on your product, it becomes a top priority shipment... handled 
with kid gloves all the way. /t never waits for package accumulation; it goes out immediately and 
on the first plane. And it goes where the jets go—always first on, first off on all 35 scheduled 
U.S. airlines. It’s sped from pickup point to plane and delivered at its final destination by one of 
73,000 AiR EXPRESS trucks, many radio- dispatched. Just , 

one phone call is all it takes to speed your product — 

large or smal/—to any one of 20,000 communities in all AIR EXPRESS 
50 states... by swift, dependable jet-age AiR EXPRESS. 


& CALL AIR EXPRESS DIVISION OF ReEsA EXPRESS ° GETS THERE FIRST V/A U. S. SCHEDULED AIRLINES 
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Now, 33KF reduces the noise level 
of ball bearings by 50%! 


New SSF ball bearings run twice as quietly as 
standard single-row deep-groove bearings — six 
times more quietly than bearings produced just two 
years ago. 


They‘re designed especially for applications where 
noise is an important factor. Eight manufacturers, 
who use-tested them for over a year, now back-up 
their approvals with repeat orders. 


Every bearing meets new, more critical standards. 
Each type and size meets special requirements for 
reduced vibration. Every ball meets very low wavi- 
ness limits. Each cage meets critical standards for 
smooth, quiet performance. 


> will make a comparison check of these im- 
proved bearings against the bearings you’re now 
using. See for yourself! Just call the SSF branch 


office nearest you. 


EVERY TYPE-EVERY USE 


okF. 


SEF INDUSTRIES. INC. PHILADELPHIA 32. FA 


“AEG. U.S. PAT. OFF 
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ASSURE A LOW FAILURE RATE OF 


Only 1 Failure in 7 Unit-Hours for 0.1 MFD Capacitors* 


174,396,000 


Setting A New High Standard Of Performance! 


% Life tests have proved that El-Menco SPECIFICATIONS 
Mylar-Paper Dipped Capacitors — tested TOLERANCES: 10% and 20%. Closer tolerances 


° . . —_ available on request. 
at 105°C with rated voltage applied SnULAe, See phonic, deep semen 


have yielded a failure rate of only 1 per impregnated. 
1,433,600 unit-hours for 1.0 MFD. Since LEADS: No. 20 B & S (.032”) annealed copper 


° . clad steel wire crimped leads for printed circuit 
the number of unit-hours of these capaci- anathentive. 


tors is inversely proportional to the capac- DIELECTRIC STRENGTH: 2 or 21% times rated 
itance, 0.1 MFD El-Menco Mylar-Paper voltage, depending upon working voltage. 

: ; . il yield Y 1 INSULATION RESISTANCE AT 25°C: For .OSMFD 
Dipped Capacitors will yiel ONL or less, 100,000 megohms minimum. Greater 
FAILURE IN 14,336,000 UNIT-HOURS. than .OSMFD, 5000 megohm-microfarads. 


INSULATION RESISTANCE AT 105°C: For .OSMFD 
CAPACITANCE AND VOLTAGE CHART or less, 1400 megohms minimum. Greater than 


@ Five case sizes in working voltages and ranges: OSMFD, 70 megohm-microfarads 
018 to .5 MFD @ POWER FACTOR AT 25°C: 1.0% maximum at 
1 KC 
These capacitors will exceed all the electrical 
requirements of E. |. A. specification RS-164 and 
Military specifications MIL-C-91B and MIL-C-25C. 
Write for Technical Brochure 


MINIMUM LIFE EXPECTANCY FOR “*1.0 MFD *MYLAR-PAPER DIPPED 
CAPACITORS AS A FUNCTION OF VOLTAGE & TEMPERATURE 





PROPORTIONAL TO THE CAPACITY IN MFD 


! 
EH 


PERCENT OF 
RATED VOLTAGE 
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105°C TEMPERATURE + 

+CC=125°C TEMPERATURE+ 
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THE ELECTRO MOTIVE MFG. CO., INC. 
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The secret’s in the bond strength. Anaconda’s new 
130 C (class B) cement-coated epoxy magnet wire 
forms a bond so strong that the coil is completely 
self-supporting. 

Cold, it holds its shape perfectly without ties or 
braces; hot, it can be removed from the oven at 
200 C and dipped in encapsulating materials with- 
out deforming or losing its shape. Both ways you 
save on production costs. The cement can be activ- 
ated by resistance heating, oven heating or solvent. 

The unique Anaconda Epoxy cement coating 
makes all the difference. It softens just enough to 


new CEMENT-COATED EPOXY magnet wire makes possible coils 


bond each wire in the coil firmly to adjacent wires. 
The higher the heat (up to 200 C), the stronger 
the bond —it is a contact bond with minimum flow. 

Because of its inherent dielectric properties and 
because of limited flow, the epoxy cement overcoat 
actually contributes to the electrical strength of 
windings. Thus, it is often possible to employ 
cement-coated epoxy film with little or no increase 
in over-all diameter of the wire. 

And here are some other advantages: Anaconda 
cement-coated epoxy magnet wire won't hydrolize 
in closed systems because the cement is an epoxy type 
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that hold their shape without support 
...Doth cold and hot...even at 200 C 


and the base coat is Anaconda’s well-proven epoxy 
enamel. It is completely compatible with standard 
transformer oils, varnishes, insulation and encapsu- 
lating materials you are most likely to use. It’s avail- 
able in all sizes of round, square and rectangular, 
packed in spools, reels, pails and drums. 

For more information about Anaconda cement- 
coated epoxy magnet wire, contact Anaconda Wire 


and Cable Company, 25 Broadway, New York 4, 
New York, Department EFL-2ET. NA Ni D 


This 24” diameter coil wound with 18 pounds of 
+ .064x.130CCHEP rectangular magnet wire, is entirely 
self-supporting because it’s made of Anaconda’s new ce- 
ment-coated epoxy magnet wire. The outstanding bond- 
strength of this wire is stable at high temperatures, too. 
Coils can be removed from oven and handled while still hot 
without danger of deforming—as shown in picture below. 


ASK THE MAN FROM ® 


FOR CEMENT-COATED EPOXY MAGNET WIRE 60257 
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CONSTANT SPEED AND TORQUE OF 
EMERSON ELECTRIC MOTORS 


is assured by balanced 
Die-Cast Rotors 


The precision tolerances of the rotors in Emerson Electric 
Motors insure a uniform air gap for constant speed and 
torque. Noise and vibration are kept to a minimum by 
the symmetrical rotor design that provides a_ porous- 
free casting. The rotor is supported on each side to 
decrease the bearing load and give your application long, 
trouble-free operation. 


EMERSON ELECTRIC MOTORS are custom engineered 
to suit your specific needs. Call us today—you'll like our 


way of doing business! 


pert. B33, B8100 FLORISSANT «© ST.LOUIS 36, MO. « CO 11-1800 


emerson ELECTRIC of St.Louis + Since 1890 
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TO THE ENGINEER 


who can’t tolerate a lapse of memory 


JANUARY 1961 


If you’re working on a think machine that 
can’t afford to break its train of thought, 
consider AE’s pint-size, fast-stepping OCS 
switcher. Unlike electron tubes and relays, 
this sophisticated device won’t lose stored 
memory in the event of power failure or 
circuit interruption. 


Besides, it can do the work normally assigned 
to whole banks of relays. 


The AE Series OCS will follow or initiate a 
prescribed series of events or cycles at 30 
steps per second impulse-controlled, or 65 
steps per second self-interrupted. Any pro- 
gramming sequence can be set up on one to 
six cams with as many as 36 on-and-off steps 


per cam. And each cam will actuate as many 
as six contact springs. 


In any event, if your designs involve relays 
or stepping switches, AE circuit engineers 
may be able to save you a pretty penny. Or, 
if you’d like to leave the switching to us, 
we’re equipped to supply prewired and 
assembled, custom-built control units, or help 
you develop complete control systems. 


To explore the matter, just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1698-H: Rotary Stepping Switches; Circular 
1702-E: Relays for Industry; and our new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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NEW! CONTROLLED 


4 TRANSITRON TYPES AUGMENT 


Silicon Controlled Rectifiers /Switches 


NEW! CONTROLLED SWITCHES 


TSW31S-TSW201S PNPN bistable switching 
devices in TO-18 packages, with maximum 
holding current of 1 ma. 


High gate sensitivity 20 ya to fire 


Covers current range from 1 ma to 200 
ma @ 75°C ambient 


Voltage ratings up to 200 volts available 


Temperature range:— 65°C to +150°C 


NEW! TO-5 PACKAGE 
CONTROLLED RECTIFIERS 
Two series of diffused silicon PNPN bistable 
switching devices with very low triggering 
requirements and micro-second switching. 
TCR251-TCR4001 series featuring: 
Low leakage: 100 vA @ 125°C case 
High gate sensitivity: 200 uA @ 25°C 
Low Holding Current: 5 mA maximum 
@ 25°C 
Current rating: 1 amp at 80°C case or 
600 ma at 25°C ambient 
Voltage ratings: Up to 400 volts 


Plus 2N1595-2N1599 series with same 
current and voltage ratings 
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Package Average Forward Current Ratings 
ly, hex base 
1%, hex base 
1%, hex base 


%, hex base 


25ma 50ma 5A 


Average Forward Current Ratings 
hex base 


Maximum Holding 
Current Values Ima 5ma 25ma 


NEW! 2N1600-2N1604 NEW! 
and TCR505-TCR4005 10 A Seri OOK Seri : 
series diffused Silicon mp series mp Sones 50 Amp Series 
Controlled Rectifiers 
@ Current ratings: 
@ Current ratings: 3 amps at @ Current ratings: 10 amps @ Current ratings: 20 amps 50 amps at 
80°C case; 1 amp @ 125°C @ 25°C case; 5 amps at @ 25°C case; 10 amps 100°C case 
case 100°C case at 100°C case Voltage ratings: 


@ Voltage ratings: Up to 400 @ Voltage ratings: Up to @ Voltage ratings: Up to Up to 400 volts 
volts 400 volts 400 volts Package: 


@ Package: %.” hex base @ Package: 'Y,.” hex base @ Package: 'V.4” hex base 1%,” hex base 
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INDUSTRY'S BROADEST LINE! 


Binistors / Transwitches 


THE BINISTOR 


(by-nis-tor) 


Transitron’s new silicon NPN Tetrode offers 
simpler, more reliable, more economical 
switching and storage circuitry. The key 
parameters of this bistable, negative resist 
ance device are determined by external cir- 
cuitry, providing remarkable stability and 
uniformity over wide temperature ranges 
The signal and output swings are compatible 
with present transistor and diode circuits 
Two series are available: The wide tempera 
ture range or military types and the com- 
mercial and industrial computer types. The 
stability and uniformity of each unit in the 
military series is absolutely guaranteed by 
the method of specification at critical tem- 
peratures (—65°C and +150°C) 
Circle 123 on Inquiry Card 


ABSOLUTE MAXIMUM RATINGS 


THE TRANSWITCH 


A PNPN bistable silicon computer element 
that can be turned on and off with gate 
current. The device is available in the TO-18 
package, and is designed for miniaturized 
memory circuits, ring counters, shift 
registers, controlled rectifier drivers, and flip 
flop equivalents. A 100 ma series (TSW-31A 
TSW-201A) has been added to the Transwitch 
series. Both series (SOmA and 100mA) are 
available in voltage ratings up to 200 volts. 
For commercial and industrial applications, 
the SW-30 type is now available. This unit, 
especially designed for lower temperature 
applications, features maximum _ collector 
current rating of 30mA and maximum volt- 
age ratine 30 volts 
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ABSOLUTE MAXIMUM RATINGS 





3N57 
“15 Volts” 





~~ Collector to Emitter Voltage (\ Ve 


TSW-31 
thru TSW-201 


TSW-31A 
thru TSW-201A 





"30 mA 
55°C to +100°C. 


30 mA 
-65°C to + 


~~Collector Current @ 25°C (| 


/ ~ 3N56 she 
a 15 Volts 
~ Storage & Operating Ambient _— Range <b 


150°C 


3N56 MILITARY TYPE 
SPECIFICATIONS & TYPICAL CHARACTERISTICS — (At Noted Ambient Temp.) 


oat — — 
AMBIENT 
TEMP _|MIN|TYPICAU MAX 
“t—65°¢ | —T 046 | 1.0V | 1, = 10mA,1, 


+25°C | —| 0.7 | 1.0V | V, = 4V,R, = 3K 


+150°C wr. supply 
+. 4+ - SUEEEEEEEEEnEn EEE 
65°C 


+25°C | 
| -+150°C 


0 
0 
0 
“5 | 0 
0 
0 


TEST 
CONDITIONS 


TURN-ON 
D.C. Collector — 
Saturation 
Voltage (V- 
Critical 
Injector 

Current (I. 


.5mA*~ 


10mA, I, 50ua 
21 

| 1.10 |) 
0.86 

| 0.40 


ance — 


+-25°C 
|+150°C 


eer 0 hes ee 
65°C | 

15°C | | 020 | ; 15 1S volts Vy + 13 volts 

+150°C| —| 2.0 re 


i 


0.25mA, I, 50ua 


~TURN-OFF 
Base Cutoff | 
Current (I,.) | 

i 











3N57 COMPUTER TYPE 
SPECIFICATIONS & TYPICAL CHARACTERISTICS @ 


‘MAX ES. 


| 
10V 


25°C 


TEST CONDITIONS 
= 10mA, |, = + .5mA* 
4V,R, = 3K 
supply 
i. = 10mA, a 
0.25mA, 





TURN-ON | MIN. | TYPICAL 
“D.C. Collector a cs 
Saturation | | 0.7 

Voltage (V.,) 





= 0.5 mA | 50ua 


1.5 mA 


— 


020 2 wA 
0) | Lae 


*Unit must — on under the above conditions; however, 
actual V., measurement is made with I, 50ua 


Critical ‘Injector g 78. | 
Current (I, .,,,)} sient 
—“TURICOFF 7 

Base Cutoff | 
Current (1, | 


15 volts, Vj, + 13 volts 


6 volts 


‘Trangitron 


‘Leadership in Semiconductors” 


Forward current I, 100 mA 


Operating temp. range 55°C to +85°C} —55°C to +125°C|] —55°C to +125° 


SPECIFICATIONS (AT 25°C) 





TSW-31 
thru TSW-201 


TSW-31A 
thru TSW-201A 


2V@ 100 mA 





. Saturation Voltage (V,) 


Cc 





eee 


. Forward ‘‘OFF’’ Current (lego 10 wA | 





. Reverse Current (1,) 10 uA 10 wA 10 wA 





. Forward “OFF” Current (Iegq)| 50 uA @ 85°C [so uA @ 125°C | 50 wA @ 125°C 


10 wA 10 uwA 





Reverse Current (1,) 





Gate Voltage to Switch 
“ON” (Ve on) 

Max. Gate Current to Switch 
“ON” (le on) 


10V 1.0V 


50 uA @ 85 c| 50 vA @ 125°C | 50 wA @ 125°C 
— 
| 











Max. a to Switch 
“OFF” ( Ve orr) 





“Max. Gate Current to Switch 


A 
“OFF” oom 


L 


(lg orr) 





electronic corporation 
wakefield, 





Max. Holding Current (I,,) 


10.0 mA | 


In writing for further information on all these devices, refer to 


the following bulletin numbers: 
Controlled Rectifiers & Switches 


TSW-31S series Bulletin # TE-1356E 
TCR-251 series Bulletin # TE-1356D 
2N1595 series Bulletin # TE-1356C 
2N1600 series Bulletin # TE-1356B-1 
TCR-505 series Bulletin + TE-1356B 
10 amp series Bulletin # TE-1356A-1 
20 amp series Bulletin # TE-1356A 
50 amp series Bulletin # TE-1356AA 


Binistor & Transwitch 
Bulletin # TE-1357B-1 
Bulletin # TE-1357B 
Bulletin # TE-1357E 
Bulletin # TE-1360A 
TE-1360B 


TSW-31A 
TSW-31 
SW-30 
3N56 


3N57 Bulletin # 


T. 


SEE YOUR AUTHORIZED DISTRIBUTOR FOR QUANTITIES FROM 


melrose, boston, mass. 


1-999 
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different Mallory materials 


JANUARY 1961 
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From the line of 147 contact materials 


~that Mallory has developed, you can 


be sure of getting the exact combi- 
nation of properties for your job... 
hardness, strength, arc erosion resis- 
tance, conductivity‘and price. 


These six major groups of materials, 
developed by Mallory metallurgists 
during 40-plus years of contact pio- 
neering, cover the gamut of contact 
applications. Within each group are 
many variations, with pin-pointed 
characteristics: 


Elkonite® Materials . . . standard for 
heavy duty service, high in strength, 
hardness, erosion resistance 


Platinum and Palladium Elkonium® 
Alloys . . . high corrosion resistance, 
low contact resistance 


Silver Semi-Refractory Materials .. . 
high conductivity and good erosion 
resistance 


Silver and Silver Elkonium Alloys... 
high conductivity, low cost 


Tungsten and Molybdenum .. . highest 
in wear resistance, strength and melt- 
ing point 


Copper and Copper Alloys . . . high con- 
ductivity, high strength at low cost 


Mallory Contact Service gives you... 


Materials... choice of 147 different 
contact materials. 


Engineering... value-conscious appli- 
cation assistance. 


Fabrication ... complete, modern 
facilities for contact assembly 
production. 


With this line to choose from, you 
never need to compromise on perform- 
ance and cost. Ask a Mallory engi- 
neer to work with you on selection and 
application. Write to Mallory Metal- 
lurgical Company, P.O. Box 1582, 
Indianapolis 6, Indiana. 





SMALL A.C. MOTORS 


Consider the many advantages of using Globe precision miniature a.c. 
motors. The small sampling of electric motors above ranges from 1.07” to 
1.675” in diameter; torques range to 4.5 ounce inches continuous duty (up 
to 200 inch pounds with a Globe planetary gear reducer). A new 3%,” 
diameter motor has been designed for larger applications. 


They are available in induction and hysteresis-synchronous types, 60 or 
400 cycles or for variable frequency operation. Universal a.c./d.c. motors 
are available in 154” and 214” frame sizes. Most sizes and types are stocked 
by Globe for quick prototype delivery, some within 24 hours! 


Right now Globe is developing commercial versions of our missile-quality 
motors. Performance is the same but the cost is engineered out by relaxing 
environmental requirements. One such motor goes in automatic telephone 
switching equipment. Another is in a vending machine. There are dozens of 
others. In these kinds of applications it is essential to have a motor of high 
reliability, long life, small size, freedom from maintenance, and modest price. 


Get in touch with Globe early in the design stage. Very probably Globe 
has already made a motor close to your requirements. You'll receive a rec- 
ommendation for your specific job. Please request catalog ACS from Globe 
Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. BAldwin 2-3741. 


GLOBE INDUSTRIES, INC. GLOBE 


PR N WINIAT a & OD MOTOR ACTUATORS 


TIMERS GYRO TEPPERS BLOWER MOTORIZED DEVICES 
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100 MILLION OPERATIONS! 


This is ASCO’s new long-life solenoid. Unlike ordi- 
nary solenoids where plunger rides loosely in the sleeve 
this device is precision manufactured to tolerances of 
+ .0005”. A rugged machine tool bearing guides plunger 
to provide accurate, smooth stroking. There is virtually 
no wear—almost unlimited solenoid life. 


PULL IN POUNDS 


If your application calls for a precision solenoid that DC pull type 
must operate consistently and indefinitely, investigate solenoid, 
this new long-life ASCO design. ASCO solenoids are ; ps. a duty 126 volts. 
available to meet a wide variety of applications. For pa ta 
additional information contact your ASCO engineer or oor" is 


2 operation 
write for Catalog 57-S5. STROKE IN INCHES against gravity. 


ASCO Electromagnetic Control :\\v. a 


Automatic Switch CO. so..1, HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES * ELECTROMAGNETIC CONTROL 
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Remote unit reports progress 
Located in the Sales Department, this 
remote inquiry station has a direct line 
to the RAMAC unit on the floor below. 
When a customer order number is 
keyed into this station, an up-to-date 
status report is immediately printed 
out on the automatic typewriter. 


Keeps an eye on production 
Final assembly and testing of these 
Cramer timing controls are typical of 
the many precision operations carried 
on in the plant. Each involves a large 
number of small parts which are pro- 
duced, stocked and assembled under 
MOS control. 


Gets information fast-—Mr. J. T. Kennedy, Treasurer, checks 
with operator of the IBM RAMAC 305 Data Processing System—the 
heart of Cramer’s Management Operating System. Disk file at rear 
stores and continually updates all operating records—each immediately 
available on demand. 


ELECTRO-TECHNOLOGY 





Management Operating System 
at Cramer Controls Corporation 
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...umproves delivery and reduces vnventory 


...uith an inerease in 


Cramer Controls Corporation, Cen- 
terbrook, Connecticut, manufac- 
tures precision timers and control 
instruments. They consider their 
IBM Management Operating Sys- 
tem a highly profitable investment. 


To this progressive company, with 
330 employees and annual sales of 
around $4 million, IBM data proc- 
essing is an essential part of man- 
agement control. It has helped them 
cut costs...reduce inventories... 
improve profit margins...speed 
customer service. And it has done 
all this while handling a 60 per cent 
increase in sales and reducing de- 
livery time by five full days. 


Built around the IBM RAMAC® 
305, the system at Cramer uses 
modern data processing techniques 
to inter-relate the six major control 
functions: Sales Forecasting, Mate- 
rials Planning, Inventory Manage- 
ment, Plant Scheduling, Work Dis- 
patching & Operations Evaluation. 


How MOS works to cut costs 

Complete data for each major op- 
erating function is stored in your 
data processing system. There, past 
and present sales trends and fore- 
casts are combined to produce a 


sales of 60% 


more complete “finished product” 
plan which automatically... 
e determines material requirements 


e checks these requirements against 
inventories 


e allocates stocks to assembly needs 


e polices inventories for under- or 
over-stocked items 


e initiates stock-replenishing orders 
as needed 

The sequence continues through 
scheduling, dispatching and opera- 
tions evaluation. Continually up- 
dated cost and performance figures 
keep management informed of 
every phase of production. 


Any change entered into the system 
is automatically reflected in all 
other control data. The compensa- 
tion is made according to a pre- 
arranged plan—your plan—so that 
all controls are working toward 
your current objectives. 


MOS offers comprehensive control 
Only with the total approach pro- 
vided by MOS can you get such co- 
ordinated effort, such complete 
information, such tight operational 
control. Only with MOS can you 
study, in advance the effect of de- 
cisions yet to be made. For more in- 
formation, call your local IBM office. 


IBM DATA PROCESSING 
® 


Circle 128 on Inquiry Card 








: | 


Of all the leading makes... 


ONLY GENERAL ELECTRIC 
MAGNETIC STARTERS FIT ¢ 
THIS SMALL SPACE = SS 


This outline is the ACTUAL SIZE of General Electric’s Size 1 
100-Line Magnetic Starter—the ONLY LEADING STARTER 
that offers such compact design. With these smaller G-E starters, 
you have greater flexibility of panel or machine design, plus ad- 
vanced design features that add reliability to your product. This 
reliability has been field proved on over a million General Electric 
starters. For more facts, contact your G-E sales engineer, or write 


for Publication GEA-7020, Section 811-15, 


Company, Schenectady 5, N. Y. 


General Electric 


GENERAL @@ ELECTRIC 


reliability to your p 


IE TOLER LN 


» 


LESS BOUNCE, LONGER LIFE RESULT FROM SLANTED CONTACT DESIGN, 
HORIZONTAL ACTION. Bounce on closing and dust accumulation are two 
major causes of contact deterioration. General Electric’s slanted contacts 
and horizontal action virtually eliminate both problems. The unique 
angled mating of contact surfaces provides positive “make” and “break,” 
with less bounce, less resultant arcing. The slanted surfaces shrug off 
dust and other contaminates that could cause contact pitting. 


MAGNETIC STEEL ARC TRAP EXHAUSTS 
CONDUCTIVE GASES, REDUCES CON- 
TACT EROSION. Size 2 starters feature 
arc trap which exhausts ionized gases, 
contains and quenches arcs. Arc trap 
splits and cools arcs quickly, reducing 
contact erosion, extending contact life. 
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STRONGBOX MOLDED COIL 
PROVIDES POSITIVE PROTEC- 
TION FOR COIL WINDINGS. 
Glass-filled alkyd resin pro- 
tects coil to prevent flexing of 
windings, and resists dirt, oil, 
water, and mechanical damage. 
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You get MEASURABLE ADVANTAGES 
with GENERAL ELECTRIC CONTROL 


Only General Electric gives you all these proved features 


POSITIVE “MAKE,” CLEAN 
DROP-OUT PROVIDED BY G-E 
MAGNET DESIGN. Any voltage 
sufficient to move magnet seats 
it firmly. Clean drop-out re- 
sults from machined air-gap, 
short flux path. 
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STRAIGHT THROUGH WIRING ALLOWS 
QUICK, NEAT INSTALLATION. All line 
terminals are at top, all load terminals 
at bottom. This speeds installation, pro- 
vides neater appearance. Pressure type 
terminals accept solid or stranded wire, 
ring or spade connectors. 


BIMETALLIC OVERLOAD RELAYS ARE 
TRIP-FREE, ADJUSTABLE +15%. Bimetal- 
lic relays standard on 100-Line starters, 
cannot be reset while overload exists. 
Handy knob allows +15% adjustment 
of trip setting. Overloads can be reset 
manually or automatically. 


FULL-FRONT ACCESSIBILITY 
ALLOWS EASIER INSPEC- 
TION, WIRING, MODIFI- 
CATION. No extra space 
needed—contact inspection, 
coil change, overload ad- 
justment done from front. 
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We promise you a reply by telephone or wire within 48 hours after receipt of your inquiry! 


new openings 
In space age 


electronic 


Hughes Aerospace Engineering Division offers experi- 
enced graduate engineers and physicists a choice from nearly 
100 openings on Hughes projects which include: 

Digital Computer for Poiaris Guidance 

Infrared Applications for ICBM Surveillance 

Space Ferry 

Satellite Communications 

Pulsed Doppler Radar for Anti-Submarine Warfare 

Advanced Air-To-Air Missiles 

Automatic Check-Out Equipment 

Space Radiation Measurement and Detection 
Training and experience should be applicable to the research, 
development, design and testing of advanced electronic 
equipment for use in space vehicles and supersonic military 
aircraft; in solid state physics, nuclear electronics, industrial 
dynamics, and related areas. 


ADDRESS 


COLLEGE 


¢ projects 


Use of the following form will, we hope, reduce to a minimum 
the inconvenience of submitting an employment inquiry, yet 
will still permit us to give you a reasonably definitive reply. 
Please airmail resume to: 

Mr. Robert A. Martin, Supervisor, Scientific Employment 
HUGHES AEROSPACE ENGINEERING DIVISION 
Culver City, California 


HUGHES AIRCRAFT COMPANY 


AEROSPACE ENGINEERING DIVISION 


DEGREE 


1 am interested in one of the following types of assignments: 


PROTOTYPE DESIGN 


[] RESEARCH 


[J DEVELOPMENT 


LI 
L 


ADVANCED 


TECHNICAL PLANNING 


[ ] SYSTEMS ANALYSIS 


[] SYSTEMS DESIGN 


I have had professional experience in the following specific areas: 


CIRCUIT ANALYSIS 
AND DESIGN 


LJ 
LJ 
LJ LI 
- LJ 


i have had a total of ______years experience. 


LJ 
LI 


STRESS ANALYSIS 


TR 
DIGITAL COMPUTERS Srnamce. 


GUIDANCE DEVICES INFRARED - 


MICROWAVES SYSTEMS ANALYSIS 


ELECTRO-MECHANICAL 
DESIGN 


[ ] INERTIAL GUIDANCE 


[] INSTRUMENTATION 
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A Remarkable Development in 


VARS 


SUPER HIGH-STR 
SEMI-CURED SILI 


ol =) 
aiid MOTOR COILS + CABLES 
a. HIGH vg f ce FLEXIBLE HOT AIR 
{/ MECHANICAL ‘a eletinie 
\. STRENGTH ) 


. 
~ a 


~ - 
de nae ym 


HIGH 
4 DIELECTRIC 
STRENGTH 


ete 
~ 


HIGH ™% 
BONDING : 
STRENGTH 


~ Excellent Power Factor » 
~ os 


~ = 
~~ 


There’s nothing better than NJW’s new RETUAL GOUD STREETS CHART 
VARSIL SR1050 for rugged Class H applica- “| 
tions! It’s the best bonding tape of silicone rub- 
ber on glass cloth...The exceptionally tight 
bond and good flow of rubber means no voids — 
maximum dielectric strength. 


BOND STRENGTH vs SHELF LIFE 
SILICONE RUBBER COATED DACRON- 


ALSO AVAILABLE — VARSIL SR1050 on Dacron-glass com- GLASS CLOTH 


bination cloth, with just the necessary stretch for excellent C 
conformity (keeping volts-per-mil-high). Unusual flow of rub-  g TWO SIDES COATED 

ber during vulcanization eliminates voids and assures good THICKNESS: 20 MILS 
bonding strength. Outstanding shelf life too, (see chart). Try it | | | SILICONE “"VARSIL" SR 1050 
for that special job which demands the highest quality tape. 





@ Available single or double faced. M Agents In principal cities. 0 Lcpiethanessis ileal laadtaacaiaaeaealaapemibsiiiis di 


@ Complete test data free samples available, on request. ( 20 30 40 2 60 70 
AYS OF SHELF LIFE 


NEW JERSEY WOOD FINISHING COMPANY 
MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION * WOODBRIDGE, N. J. 


VARNISHED CAMBRIC CLOTH AND TAPES ¢ VARNISHED "FIBERGLAS’t CLOTH ANDO TAPES ¢ VARNISHED SILK ANDO SILK SUB- 
STITUTE © SYNTHETIC RESINOUS TAPES AND EXTRUDED TUBING e POLYETHYLENE, SHEETS, TAPES AND EXTRUDED TUBING 
@ CABLE WRAPPING TAPES e¢ ''VARSIL"' SILICONE VARNISHED "'FIBERGLAS"t CLOTH AND TAPES @ "VARSLOT"' COMBINATION SLOT 
INSULATION: -RAG PAPER AND VARTEX VARNISHED CAMBRIC e@ FISH PAPER AND VARTEX VARNISHED CAMBRIC @ RAG PAPER AND 
"MYLAR'® POLYESTER FILM e ASBESTOS PAPER AND "MYLAR''* POLYESTER FILM © KRAFT PAPER AND "MYLAR’’* POLYESTER FILM 
® VARTEX VARNISHED "FIBERGLAS''T AND "MYLAR'* POLYESTER FILM . SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 


*mylar, DuPont's registered trademark TFibergias, Owens-Corning Fibergias registered trademark 
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GLASS FIBER LAMINATED WITH “BAKELITE” EPOXY RESIN 


gives printed circuits extra strength, 
plus heat and humidity resistance 


Printed circuits in missiles and rockets must have 
more than ordinary resistance to temperature, 
moisture variations and mechanical shock. For the 
stability required in such critical applications, 
specify glass fiber circuit boards laminated with a 
BAKELITE epoxy resin. As a printed circuit base, 
this combination provides excellent mechanical 
and electrical properties. 

The extra strength and outstanding electrical 
properties of epoxy-glass fiber laminates make 
them ideal in the production of high-quality 
printed circuit assemblies, for civilian as well as 
military applications. For more information on 
BAKELITE epoxy resins, write Dept. HK-42, Union 
Carbide Plastics Company, Division of Union 
Carbide Corporation, 270 Park Avenue, New York 
17, New York. 


BAKELITE epoxy Compounds are also widely used for encapsulating * Typical printed circuit board, shown here, is made of 
electrical components, The low viscosity of the uncured resin assures ; glass fiber laminated with BAKELITE epoxy resin. 
complete penetration into the tiniest crevices, providing optimum elec- The copper clad laminate is made by Synthane 
trical insulation. The encapsulated coils are made by Deluxe Coils, Inc. Corporation, Oaks, Pa., for a military application, 
Wabash, Indiana. ‘ 


BaxkeELITE and Union Carsipe are registered trade marks of Union Carbide Corporation, 
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(Power Type) 


This large family of precision resistors 
offers you flexibility for varied applica- 
tions and traditional Ohmite quality for 
the most exacting requirements. Many of 
these styles are stocked in a wide range 
of values by the factory and Electronics 
Distributors throughout the country. 


Fe METAL FILM (SERIES 77) Units con- 

sist of metal film on glass substrate, 
hermetically sealed in high temperature 
resin. They possess long load and shelf 
life, low noise level, excellent high-fre- 
quency characteristics, and exceed mili- 
tary specifications. Rated at 125°C and 
150°C. Resistances from 25 ohms to 2.5 
megohms. Wattages from 4 to 2 watts. 
Cylindrical, semicylindrical, or flat-sided 
shapes with radial or axial leads. Toler- 
ances are 0.1%, 0.25%, 0.5%, and 1%. 
Bulletin 155. 


MOLDED WIRE-WOUND (SERIES 88, 

Power Type) These resistors utilize 
a single-layer winding on a ceramic core, 
welded connections throughout, and a 
molded silicone ceramic jacket. Uniform 
physical size in each rating. Supplied in 
1, 3, 5, 7, and 10-watt sizes; resistances 
to approximately 50,000 ohms. Units meet 
MIL-R-26C specifications. Tolerances are 
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ENCAPSULATED VARNISH 


IMPREGNATED 


0.1%, 0.25%, 0.5%, 1.0%, and 3.0% (at 
25°C). Bulletin 153. 


ENCAPSULATED (SERIES 85 AND 

86) Resistance wire, pie-wound on 
a steatite bobbin, is enveloped in an epoxy 
type resin. Welded connections through- 
out. Units meet and surpass military speci- 
fications. Series 85 has axial leads; 
Series 86, lug-type terminals. Designed 
to meet the requirements of MIL-R-93B. 
Resistance values to 3.1 megohms. Toler- 
ances are 0.1%, 0.25%, 0.5%, and 1%. 


VARNISH IMPREGNATED (SERIES 

83, 84) Enameled wire is pie-wound 
or non-hygroscopic ceramic bobbin, and 
entire unit is vacuum impregnated. Radial 
wire lead, or radial lug terminals. Made 
to order only. Resistances from 0.1 ohm 
to approximately 5 megohms; 4% and 
1-watt sizes. Tolerances are 0.1%, 0.25%, 
0.5%, and 1%. 


VITREOUS ENAMELED (POWER 

TYPE) Most Ohmite power resis- 
tors can be provided to close tolerances 
when precision as well as high wattage is 
desired. Depending on the requirements, 
the units are generally derated (often to 
10% of free air watts) to minimize the 
effect of TC and maintain the best stability. 
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VITREOUS ENAMELED 
(Power Type) 


OHMITE 


MANUFACTURING COMPANY 


3613 Howard Street 
Skokie, Illinois 


OHMITE 





New contact reliability. Parallel bifur- 
cated contacts, which allow four cur- 
rent paths instead of one, provide 
infinitely greater circuit reliability .. . 
liberally designed so any current path 
carries full relay rating. 


a/ 
At last! “‘Mechanical memory” latch 
as reliable as the relay itself! No ad- 
justment ever needed. Add latch at 
any time. 


New simplified design! Cutaway view 
shows basic simplicity. Coil yacuum 
impregnated to resist damage from 
humidity, vibration, electrical stress, 
Terminals can be screw or spade type, 
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Space savingest relay 
you ve ever seen: New 
Cutler-Hammer Compact 300° 


Versatile 300 V. control relay is so reliable it’s permanently sealed! 


Here is the best answer yet to the need for 
an extremely reliable, small-size 300 V, 
6 amp., industrial relay —the new ‘“‘Com- 
pact 300” from Cutler-Hammer. 

Every detail known that affects relay 
reliability has been improved in the ‘‘Com- 
pact 300.” Bifurcated contacts which make 
possible four current paths rather than one, 
add millions of operations to the ‘““Compact 
300’s”’ electrical reliability. 

In fact, we’re so confident of its electro- 
mechanical reliability, we permanently en- 
close the ““Compact 300.” And, if it should 
be damaged by a fault current, you throw it 
away and replace it with a new one. Its low 
price makes this an economical, practical 
maintenance procedure. 

Now think of the space you can save 
with the ‘““Compact 300.” It controls up to 


WHAT’S NEW? ASK... 


eight circuits in panel space only 2” wide 
by 234" high. 2, 3, 4, 6 and 8 poles with any 
combination of N.O. or N.C. contacts are 
available, of course. 


At any time, you can add “mechanical 
memory” latch with a life equal to the life 
of the relay. No adjustments are ever 
necessary. Contact your Cutler-Hammer 
distributor for details on the “Compact 
300” or send for Pub. ED-L079-A231 


What's new at Cutler-Hammer? 
New, better products, like the 300 V. relay 
are coming steadily from our new, expanded 
plant facilities. We’re ready now to help 
you take care of the great industrial growth 
of the future. If you are planning ahead 
and need electrical control assistance, con- 
tact the nearest Cutler-Hammer sales office. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wisconsin « 
Hammer International, C. A. ssociates 


Division: Airborne Instruments Laboratory « 
Canadian Cutler-Hammer, Ltd.; C 


Subsidiary: Cutler- 
utler-Hammer Mexicana, S. A. 
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Heinemann’s new VP breaker can work for you as two (or more) components in one. This matchbox-small breaker 
protects against overloads, also performs many specialized functions. (The internal circuits shown below will sug- 
gest its possible uses.) @ The subminiature VP is magnetically actuated, requires no de-rating. You can have it 
with any integral or fractional rating from 0.050 to 15 amps (110V, 60 or 400 cycles AC, or 50V DC), and with 


a choice of several time-delay characteristics. Details on performance, construction and other points of engineering 
interest are in Bulletin VP; write for a copy. Heinemann Electric Co. << 101 Brunswick Pike, Trenton 2, N. J. 


Series-Trip—Overcurrent sens- Relay-Trip—Provides a sepa- 
ing and circuit interruption rate control circuit through the 
take place in the potected cir- coil terminals; any voltage or 


cuit; breaker can double as a current can be used to trip the 


toggle switch. 


Shunt-Trip — Permits remote 
tripping through appropriate 


circuit-closing contacts in con- 


breaker remotely. 


Calibrating-Tap—Permits con- 
trol of two circuits, with trip- 


ping in response to overloads 


trol or safety device. Shunt in main circuit only; may be 


coil operates on line voltage. shunted to raise current rating. 


HEINEMANN 
ELECTRIC CO. 


LA oo BAe), Bae. Eel 
cat. NO. VPS 
ie ee | 
VOLTS 115 AC MAK 
CURVE 64 
60 CYCLES 





Nothing but the precious metal 
electrical contact touches the winding 

at any time. Resistance element remains 
free from wear and foreign matter 


Double 
thread 
lead screw 
is a 


patented 


431/," resistance element (10-turn model) 


om 
exclusive provides space for many turns of 


resistance winding, thus providing a 
Ti 


high resolution figure. 


Borg 


“ Here is a patented feature you'll find only on Borg 205 Series Micropot 
Microp ots potentiometers — a _ stainless-steel, double-thread, precision lead screw 
é ' drives the moving contact. This design does not depend on cumbersome 
contact wiper carriers riding the delicate resistance element to guide it. 
Nothing but the precious metal electrical contact touches the winding at 
any time. Result? The resistance element remains free from wear and 
foreign matter. Permanently accurate settings, smooth action and low, 
uniform torque are assured. Your nearest Borg technical representative 
or distributor has complete information on Borg 205 Series Micropots. 

See him now. Ask for catalog sheets BED-A131 and BED-A162. 


Number Mechanical Electrical Total Linearity 
3-Turn Model of Turns Rotation Rotation Resistance* Accuracy 


joe ++ 15° —o ogo +1442 —0° | v0 5,000 ms | 10 0.1% 


*Higher resistances available on special order. 


WRITE FOR COMPLETE DATA 


!0-Turn Medel BORG) BORG EQUIPMENT DIVISION 
Amphenol-Borg Electronics Corporation 
“ey Janesville, Wisconsin © Phone Pleasant 4-6616 
Micropot Potentiometers Turns-Counting Microdials Sub-Fractional Horsepower Motors Frequency and Time Standards 
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SILICONE NEWS from Dow Corning 


- 


For Long Service Life 


Silicone-Glass Laminates Help Make PROPERTIES OF SILICONE-GLASS LAMINATE SAMPLES* 
I-T-E Transformers Reliable, Trouble-Free eet 


Flexural strength, flatwise, psi, 


I l: - . ‘ 1 f sab li i le ° ss | 2] ° an, Lengthwise 20,000-40,000 
nsulating components made from silicone-glass laminates help improve Picmnte 18,000-33,000 


the design and performance of electrical equipment. Bonded with heat- Izod impact strength, edgewise, 
stable Dow Corning silicone resins, glass laminates have high arc resist- ft-Ib/in. notch 
; - ; a ; Lengthwise 6.5-17.0 
ance, low loss factor, low moisture absorption . . . excellent mechanical eainiahos 55-140 
and dielectric strength even after prolonged aging at 250 C. Bonding strength, Ibs., Y4-inch thickness 
Condition At 650-1100 
Condition D-48 /50++ 550-950 


To assure dependable performance of their Class H unit substation trans- 
Water absorption, percent 0.05 


formers, the I-T-E Circuit Breaker Company specifies silicone-glass lami- leciric strength, velta/ail 
nate for spacer strips, the insulating diaphragm between secondary and Initial 310 


ie er aay ter ER Ra A al ali ell a ae After 200 hr at 260 C 327 
primary windings, the supporting cylinder, and for interphase barriers. ae aan cee ~a 


. ‘ ‘ i : Dielectric constant at 10° cycles 
I-T-E uses this quality construction in ventilated dry-type transformers rated Condition At 3.70 


11214 to 500 KVA; sealed dry-type units rated from 300 to 3000 KVA. Condition 0-24/23+t 3.85 


Dissipation Factor at 10° cycles 


, . ape . — . Condition At 0.0024 
When used with other silicone insulating components, silicone-glass lami- Condition D-24/23++ 0.0084 


nates permit smaller, lighter weight transformers that are easier to install Arc resistance, seconds 


‘ ; ; P rane . “ ' _ Se Condition At 180-292 
c : - 5 go , , s: s . 
and maintain than transformers using any other class of insulation Recamien a ahiie nas 


ogo - ; ‘ oo. Volume Resistivity, meg-cm. 
Silicone-glass laminates are also widely used for slot wedges, coil dividers, Condition C-96/35/904 1x10!-4x10" 


and top sticks in motors; for terminal boards and coil forms in other elec- Surface resistivity, megohms 

trical equipment. Silicone-glass laminates are supplied by leading lami- Cention C26/Se/ vet ne 
nators as tubes, sheets, punched or molded shapes. Write today for full * As measured on samples Ve inch thick | t As received 
= . tt After immersion in water (hours/deg. C.) 
information plus list of fabricators. t After (hours/deg. C./% relative humidity) 


A RATIO A LETC ON RNA AA AR 


The nearest Dow Corning office is your 
number one source for information and 
technical service on silicones. Dow Corni rig 
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...opecify Silicones 


Silicones Handle Overloads 


Silicone varnish helps make motors safer, more reliable 
and virtually maintenance-free. These are among the rea- 
sons why Automatic Transportation Company, Chicago, 
uses Dow Corning varnish and a complete silicone insula- 
tion system in the drive motors for their line of material 
handling equipment. These Class H drive motors . . . sub- 
jected to inching, frequent starting and reversing, long 
work cycles, heavy loading when trucks are climbing ramps 
... have more than enough extra capability — assured by 
the outstanding thermal stability of silicones. 
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Silicone Rubber Tape Cuts Costs 


Triangular Guideline tape, made with Silastic®, the Dow 
Corning silicone rubber, gives you the superior protection 
of a silicone insulation system while cutting application 
costs from 50 to 60% compared with conventional taped 
systems. A single wrap of Guideline tape is all that’s 
needed to produce the entire primary insulation wall thick- 
ness. The tape bonds to itself . . . beveled edges overlap to 
produce a void-free insulation structure . . . conspicuous 
center line makes it easy to achieve a precise half-lap wrap 
of uniform thickness. Guideline tape, made of Silastic, 
produces a homogeneous, resilient insulation system that 
resists heat, cold, moisture, abrasives, many chemicals and 
corrosive atmospheres. 
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Canned Pump Motor End-Turns Potted 


Designed for maximum reliability, Westinghouse remov- 
able stator canned motor-pumps like this one are used for 
better boiler circulation in controlled circulation conven- 
tional systems. Similar pumps are used to circulate radio- 
active liquid coolants at temperatures up to 650F in her- 
metically sealed primary coolant systems of nuclear re- 
actors. End-turns of stator coils are potted in Dow Corning 
solventless silicone resins to insure a solid, void-free fill 
of coil interstices. These solventless resins are radiation 
resistant, withstand vibration, oxidation, corona and mois- 
ture despite continuous service at high temperatures. 
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ENGINEERING NEWS 


FULL LINE OF MINIATURE 
SNAP-ACTION SWITCHES 


SCALE: “eae sue PRINT NUMBER 1 ENGR. S4¢7¢r oe 


SPECIFICATIONS 


ll 


Ht 


Amps @ 28 VDC 


or 120 VAC Approx. 
Weight 
Model No Resist Induc. Circuitry Lbs. 


B7001 7 4 S.P.N.O. 005 
B7021 7 4 S.P.N.O. .010 
T2196 10 5 2 Cir. .010 
T2108 10 5 2 Cir. .016 
T2150 3 1 D.P.D.T. .010 
T2151 1 B?.D.T. .016 
3 S:P:0.T. .009 
3 Sars. .013 
— 3D: T. .004 
— S.P.D.T. .013 

5 2.0 S.P.D.T. 1.6 Grams 


- 
T3103 5 
T3106 2 
T4203 1 
T4205 1 
T-3 v 


NOTE: All models above (except T-3) are available with maintained or 
momentary action. Self-sealing boot available for any bushing mounted 
model, as shown on T2150. All models available with flange or bushing 
type mounting. Basic switch Model T-3 is available with a wide variety 
of standard and special actuators. 


These miniature pushbutton and toggle switches 
are typical examples of our complete line of min- 
iaturized switches. Whatever your requirements 
for miniature hand-operated or mechanically-op- 
erated switches, we can meet your needs from our 
hundreds of standard and custom units. We offer 
an almost unlimited range of variations in con- 
figuration, actuation, ratings, operating charac- 


SUBMINIATURE teristics, etc. 
INDICATOR LIGHTS For more technical information on switches and 


Moisture-proof. Only 35/64 indicator lights, write for FREE CATALOG No. 100. 


inch overall. 60,000 hour 
life with 5V lamp. Translu- 
cent lens colors. Available with 


MS or commercial type lamp. a 
Three lens styles. ELECTROSNAP + HETHERINGTON 


a CONTROL 
ee) 110,000 ewihttth 


DIVISION 
L10,100 CONTROLS COMPANY OF AMERICA 
1410 Deimar Drive « Foicroft, Pennsylvania 
ei L10,200 


TELEPHONE LUdiow 3-2100 + TWX SHRN-H-502 


= 
a 
3 
z 
Z 
z= 
Z 
= 
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. ». and Minuteman and Talos and Atlas and Jupiter and Thor and Titan and Bomarc 
and Zeus and Pershing and hundreds of other military and industrial applications. 


For Delco Radio’s highly versatile family of 2N174 power transistors meet or exceed the most rigid electrical and extreme environmental eS 
requirements. 


Over the past five years since Delco first designed its 2N174, no transistor has undergone a more intensive testing program both in the 
laboratory and in use, in applications from mockups for commercial use to missiles for the military. And today, as always, no Delco 2N174 
leaves our laboratories without passing at least a dozen electrical tests and as many environmental tests before and after aging. 


This 200 per cent testing, combined with five years of refinements in the manufacturing process, enables us to mass produce these highly 
reliable PNP germanium transistors with consistent uniformity. And we can supply them to you quickly in any quantity at a low price. 


For complete information or applications assistance on the Military and Industrial 2N174’s or other application-proved Delco 


transistors, just write or call our nearest sales office, LCO 


Newark, New Jersey Santa Monica, California Chicago, Iilinols Detroit, Michigan EPENDABILITY 
1180 Raymond Blvd. 726 Santa Monica Bivd. 5750 West 51st Street 57 Harper Avenue 
Mitchell 2-6165 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 D | O 
IABILITY 
Division of General Motors - Kokomo, Indiana 
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“Miniaturization makes power transmission 


extra-tough... but G. Ss. Precision Gearing 
specialists can give us a big head-start on our new designs." 


“For years we’ve brought in G.S. Precision Gear- 
ing experts at beginning stages of design jobs 
—and it has paid off, whether in modifying 
existing products or breaking trail in radically 
new directions. Miniaturization has given us 
even tougher Precision Gearing problems — but 
G.S. is still saving us all kinds of grief by lead- 
ing us to practical power transmission methods 
early in the game. 


“G.S. makes the full range of Small and Inter- 
mediate Gearing: Spurs, Spiral, Bevels, Helicals, 


and then turn around and produce it right, run 
after run (as our production people will tell you). 


“I guess it all boils down to this: We want top 
quality, so we deal with top sources—and GS. 
is known all over the country (among both big 
and little companies) as the source of precision- 
made Small and Intermediate Gearing in pro- 
duction quantities — which, of course, means 
production economies. And there’s one other 
thing that means a lot to all of us—their men 
are mighty nice guys to work with! I’d recom- 


Internals, Zerols, Clusters, Ratchets, Splines, 
Hobbing, Worm Gearing. That means they’re 
free to prescribe the right kind of Gearing — 


mend that you put them on your design team 


when you come up against a Precision Gearing 
problem.” 


FRACTIONAL W 
- oes 


yout Finn G.S. Gearinc 
IN TOP QUALITY PRODUCTS LIKE THESE... 


Adding Machines « Aircraft Carburetors & Fuel Metering Systems « Air- 
craft Instruments and Radios * Automatic Musical Instruments » Automation 
Systems + Business Machines * Check Signing & Protecting Machines « 
Clippers for Barbers, Animal Shearing & Hedge Trimming + Cloth Cutting 
Machines * Coin Changers & Counters * Communication Equipment « 
Control Mechanisms « Electric Fans « Electric Motors * Floor Polishers, 
Sanders, Scrubbers, Sweepers * Food & Drink Mixers, Blenders *« Home 
Appliances * Lawn Sprinklers * Machine Tools *« Meat Tenderizers, 
Grinders, Slicers * Military Equipment +» Motion Picture Cameras & 
Projectors « Optical Instruments * Outboard Motors + Pneumatic Produc- 
tion Tools + Radio & Radar Tuning Assemblies * Radio Anti-backlash 
Gears + Range Finders * Record Changers « Sewing Machines « Steel 
Strap Stretchers « Step Switches « Tapping, Drilling & Threading Equip- 
ment « Telephone Dials « Television Sets * Thermostatic Controls « 
Typewriters * Vending Machines « Washing Machines. 


See 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


SEND FOR G:.S. illustrated folder! See where and how 
we mass-manufacture Small Gearing to uniformly fine toler- 
ances. Folder contains 23 pictures of Small Gears, plant view, 
as well as Diametral and Circular Pitch Tables. Ask for your 
copy on company stationery, please! 


SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS ¢* THREAD GRINDING 


WORLD'S’ LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 


@: G5 Yeats VL. uecializing tn nal Gearing! 
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Simple only in appearance, 

this forward insulating ring supplies 
the high mechanical and electrical 
properties for a critical naval ordnance 
application. Fabricated by CDF 

from glass fabric epoxy tube, this ring 
illustrates an effective combination 

of material properties and 
manufacturing techniques. 

Result: an insulating component 

with high strength-to-weight ratio, 

low water absorption, low thermal 
conductivity, inherent fungus resistance, 


and high dimensional stability. 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL - DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE © A SUBSIDIARY OF THE Lourie f COMPANY 
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chart paper 


there 


IS 
aoe brush INSTRUMENTS 


cz 
Division C 
——— 
q iffe re eC 37T AND PERKINS | CLEVITE) CLEVELAND 14, OHIO 
| ( consomation 


Only Brush Chart Paper is designed as an integral component of precisely engineered Brush Direct 
Writing Recording Systems. The full potential of these systems cannot be realized unless all 

of the original components are utilized. They’re engineered as a total entity. Imitation papers cannot 
match the precision ruling, dimensional stability and super-smoothness of Brush Chart Paper. 

Take no chances—specify Brush and you can rely on your records being accurate, permanent, easily 
read and easily reproduced. Stocks available from strategically located branches and 

sales representatives throughout the United States and Canada. 


Write for samples 
of actual tracings on 
Brush Chart Paper. 
Ask for 
“Brush Engineered 
Recording Supplies’. 
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Cubic precision digital voltmeter 
withstands 50G shock 


A new militarized version of the Cubic precision digital 
voltmeter is guaranteed to withstand shocks as high as 
a bone-crushing 50 G. The ability to shake off punishment 
that would wreck ordinary voltmeters, and to keep on 
performing perfectly for years and years under the hardest 
kind of use, is built into every Cubic digital voltmeter. 
These meters are “operator-proof” —they will not be 
damaged by any except the most flagrant misuse. Even 
voltages 100% over the top of the highest range will not 
harm them. 

The advanced engineering of Cubic’s transistor-driven 
stepping-switch design provides extraordinary reliability 
and accuracy. Cubic digital voltmeters achieve 99.997% 
repeatability, for precise accuracy again and again. Attenu- 
ator accuracy is 0.003% for wide-range precision. Bridge 
linearity of 0.003% is attained with carefully matched 
quality components. Noise rejection (60 cps) is 80 db. 

Cubic’s digital readout is simple, reliable and the 
easiest to read at a glance. Extra quality components 
throughout ensure minimum maintenance requirements. 
Before buying any digital instrument, investigate the best. 
Write for descriptive literature to Dept. ET-100, Industrial 
Division, Cubic Corporation, San Diego 11, Calif. 
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BRIEF SPECIFICATIONS — MODEL 2100 


ENVIRONMENTAL 
shock test: will withstand 50G Navy shock test, 
and shipboard vibration 


humidity: 100% 
salt spray and fungus resistant 


ELECTRICAL 


volts: 0.01% accuracy from 1 millivolt to 1000 
volts, automatic ranging and polarity 


ohms: 0.1 ohm to 10 megohms, manual ranging 
input power: 25 watts 

ratiometer provision and switching 

MECHANICAL 

size: 542” wide, 11%” high, 14” deep 

weight: 35 Ib 


Cubic 


CORPORATION 
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This is a “warhead”. It’s the front end of 
acarrier which darts through a pneumatic 
tube system at speeds up to 20 mph, and 
is subject to frequent shocks and impact. 
There’s a story behind the choice of 
LEXAN® polycarbonate resin for this new 
design... 

Formerly, destinations were set by con- 
tacts along the entire body of the carrier. 
Engineers of Airmatic Systems Corpora- 
tion, Saddle Brook, New Jersey, reasoned 
that if all the control elements could be 
fitted into a small impact- and wear- 
resistant head, the rest of the carrier 
could be designed for easy maintenance 
and quick replacement. Many plastics had 
the required dielectric strength, but none 


could measure up to LEXAN resin’s com- 
bination of good electrical properties, 
excellent dimensional stability and 
extremely high irnpact strength. LEXAN 
resin actually withstands over 12 foot- 
pounds per inch of notch — an impact 
strength attained by no other plastic! 
The new warhead is injection-molded 
of black LEXAN resin by Berkeley Engi- 
neering & Manufacturing Co., Berkeley 
Heights, N. J. Now when wear and tear 
take their toll, the transparent carrier 
body is easily replaced, since it has no 
control elements. Also, body length can 
be varied to suit customer needs, and 
carrier weight is reduced. Printed circuits 
and compactly arranged brushes and con- 


trol plates are used. The new design is 
more attractive, more practical, less 
costly. And—LEXAN resin warheads have 
proved in field tests to last longer than 
the old control units. 

G.E. LEXAN polycarbonate resin has 
raised the quality of many designs to new 
levels. It has been reduced in price 
approximately 40% over the past year! 
Can this tough, new thermoplastic help 
you? Send for design literature. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 


Chemical Materials Dept., Section ET-11, Pittsfield, Mass. 
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Variable speed 


motor drive chart transport eat AL ASE eh les 
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Pull-through, tear-off transport 
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MOSELEY MODEL 2D 


Continuous roll chart transport 


All these extra features combined: 


e AC or DC input on each axis 


e Calibrated X-axis time base 


e DC accuracy 0.2% full scale © Operates direct from transducer 
e Local or remote control ¢ Vacuum recording platen 


In addition to plotting cartesian coordinates from DC 
electrical information, the new Moseley Model 2D 
Recorder also plots functions of time, accepts AC 
input data, and operates with a variety of Moseley 
Autograf accessories including punched tape and 

card converters, keyboards and logarithmic converters. 
A magnetic curve follower is also available. 


Operating controls are readily accessible on the sloping 
front panel. A variable range smoothly covers step 
hanges and permits setting the scale to any value within 
the instrument's range. Zero may be set anywhere 
during plotting, or suppressed to one full scale ona 
vernier control. Amplifiers are compact plug-in units. 
Filters suppress effect of extraneous noise. An 

integral vacuum system holds the chart paper firmly 

in place. The pen, driven by two independent potentiom- 
eter servos, is lifted by a front panel control. 


ot T- 


Loe ead eatual recorders 


pioneer and leader in X-Y and strip-chart recorders 


SPECIFICATIONS 


DC Voltage Ranges: 


AC Voltage Ranges: 


Evrae Dae 


Linearity: 


BOTs We the he 


Slewing Speed: 


f-] aed 4 


Recording Mechanism: 


Size: 


ah 


dg 


15 calibrated fixed ranges on each 
axis: 0.5, 1, 2, 5, 10, 20, 50 mv/in. Also 
0.1, O02, 0.5, 1, 2, 5, 10, 20 v/in 
“Timés-5” vernier expander. Max 
input 750 v on X axis; 500 v on Y axis 


8 calibrated fixed ranges on each 
axis: 0.1, 0.2, 0.5, 1, 2, 5, 10, 20 v/in 
Vernier as above 


DC, 0.2% of full scale 
AC, 0.5% from 20 cps to 20 KC. Useful 
upper frequency range:to 100 KC 


DC, 0.1% of full scale 
AC, 0.1% from 20 cps to 20 KC 


7-calibrated sweeps on X axis: 0.5, 1, 
2, 5, 10, 20, 50 sec/in. Vernier stepless 
control 


20”/sec full scale, both axes 


11” x 17”, or 10” roll paper on 
accessories 


Independent servo-actuated drives 
for X and Y axes. 


172” wide x 151” deep x 634” high 
Weight 43 pounds. 


115 v, 60 cps, 115 watts. (Other: volt 
ages and frequencies to order) 


$2,350.00 f.0.b. factory. 


Data and price subject to change without notice 


F.L. MOSELEY CO. 


Dept. {GB 209 N. Fair Oaks Avenue, Pasadena, California 


MUrray 1-0208 


TWX PASA CAL 7687 


Field representatives in all principal areas Perr 
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A THIS IS A BETTER LATCHING RELAY 


Better? Yes, in several ways. Bifurcated Contacts, for ex- 
ample, give improved reliability, especially in dry circuits. 
Contacts will not open during vibrations of 30Gs, 55 to 
2500 cps. A special method of sealing cover to base 
eliminates flux contamination of the contacts. And there 
are more. Here is Potter « Brumfield’s newest member of a 
distinguished family of micro-miniature relays: the FL Series. 


Expressly designed for printed circuit applications, this FL SERIES SPECIFICATIONS 
DPDT, 3 amperes (@ 30V DC) latching relay lies parallel to Shock? 100 Gs for-1] sllflescendx: Me sontec 
the mounting surface. Its height, when mounted, is only openings. 

.485”, thus circuit boards may be stacked closer. Mounting Vibration: .195”, no contact openings. 10 to 
can usually be accomplished without studs or brackets, 55 cps. 30 Gs from 55 to 2500 cps. 
simplifying installation. Pull-in: 150 milliwatts maximum (standard) at 
The FL will remain firmly latched in either armature position 25° C. 80 milliwatts maximum (special) 
without applied power, a significant advantage where power at 25° C. 

is limited and long relay on" times are required. This relay Operate Time: 3 milliseconds maximum ot 
may be operated by: hominal voltage at 25° C. 


: : : : ; Transfer Time: 0.5 millisecond maximum at 
1. Pulsing each coil alternately (observing coil polarity), or nominal voltage at 25° C. 
2. Connecting the coils in series and operating from a Temperature Range: —65° C to + 125° C. 
reversing (polarized) source. Terminals: Plug-in pins. 
Write for complete information or call your nearest PaB Dimensions: L. 1.100” Max.—W. .925” Max 


representative. H. .485” Max. Hermetically sealed only. 


) 4 _—- of 
Piry,/ 7 if Way, / of Fp) 


sc 11D scG 11 DC SL 11 OB SLG 11 DA 
(Latching) (Latching) 


ad 


Other P&B micro-miniature relays include conventional and latching models in crystal cases with a wide 
range of terminals and mountings. All are made in a near-surgically clean production area under the 
exacting requirements of our Intensified Control and Reliability program. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


LE SOURCE FOR ALL MIiCRO-M™MINIATURE RELAYS 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY ° PRINCETON, INDIANA 


IN CANADA: POTTER& BRUMFIELD CANADA LTD., GUELPH, ONTARIO 





NEW! Etched and Plain Foil Single-Case 


Tantalex® Capacitors in Both Polar and Non-Polar Designs 


When you specify Sprague, you pay no penalty in 
size and weight because of an extra outer shell on 
125°C tubular foil tantalum capacitors! 

Sprague’s new family of foil Tantalex capacitors 
for 125°C operation uses only a single case. An 
improved end-seal construction does away with the 
need for a supplementary second outer case. 

Manufactured to exceed the performance require- 
ments of Military Specification MIL-C-3965B, this 
new series of capacitors sets new standards of 
reliability for all types of military and industrial 
applications. 


Polarized capacitors are available under the desig- 
nation Type 120D in plain foil construction and 
Type 122D in etched foil construction, while non- 
polarized units are listed as Type 121D in plain foil 
and Type 123D in etched foil designs. 


These outstanding new Tantalex capacitors are 
available promptly in production quantities. If you 
need small quantities overnight, key Sprague indus- 
trial distributors stock the more popular items in the 
Type 120Dand 122D polarized designs. Non-standard 
ratings are also available for special applications. 


For complete technical data on these new Tantalex capacitors, write 


for Engineering Bulletin 3602A to Technical Literature Section, 
Sprague Electric Company, *97 Marshall Street, North Adams, Mass. 


SPRAGUE COMPONENTS: 


Sa 


THE MARK OF RELIABILITY 


CAPACITORS ¢« RESISTORS « MAGNETIC COMPONENTS ¢ TRANSISTORS « INTERFERENCE FILTERS *« PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE «+ CERAMIC-BASE PRINTED NETWORKS ¢ PACKAGED COMPONENT ASSEMBLIES 
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Wanted: 
Leap-Frogging Research 


NEW, IMAGINATIVE engineering research is called 
for in solving many of the tremendously broad en- 
gineering problems facing the nation and the world. 
The problems cut across most of the traditional 
engineering disciplines. They include: a dwindling 
supply of minerals and water; inadequate urban 
transportation; the complexity of air travel; diffi- 
culties in managing defense engineering systems; 
and the vast needs of the underdeveloped nations— 
world poverty. 

Under the auspices of the Engineers Joint Coun- 
cil, a group of top engineers and educators (mostly 
engineering) met recently to consider these socio- 
economic-engineering problems and what the en- 
gineering societies, industry, educational institu- 
tions and government could do about them in the 
way of a massive frontal attack. Basically, the 
Engineering Research Committee* set up by EJC 
is seeking ideas which can form a common launch- 
ing platform for broad-dimension research under 
all such sponsorships. 

Some of these problems—as, for example, water 
are so large that special attention may 
be required. Water involves food growth, flood con- 
trol, transportation, recreation, and above all, 
weather, which in today’s concept is linked with 
that magic word “space.” In our specialized lexicon, 
air travel can be translated as communications in 
the broadest sense, and any urban dweller knows 
that transportation can encompass anything from 
monorail cars to solar-battery operated automobiles 
in smog-free cities. 

Some of the national challenges also projected 
for study include other basic human needs—food. 
shelter, health, communication, recreation, and pro- 
tection. Automation and its social effects are to be 
considered and, of course, outer space is a new 


resources 


challenge. After identifying the problems explicitly 
so that all aspects of engineering can tie in, the 
Committee will try to find out what has already 
been done in similar areas by engineering and 
scientific societies and the universities. Then they 
will seek to stimulate imaginative approaches to 
solutions. 

The thinking behind this broadened aspect of 
engineering stems partly from a Conference on Re- 
search Goals held a year ago at Worcester Poly- 
technic Institute under the aegis of the National 


* Under the chairmanship of Dr. J. Herbert Holloman, General En- 
gineering Laboratories, General Electric Co. 
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Science Foundation in cooperation with fifteen en- 
gineering and scientific societies. The purpose of 
this meeting was to reach for research people cap- 
able of leaping ahead to the goals of larger ultimate 
consequence rather than just doing unimaginative 
“hole-plugging” research on the skeleton structure 
erected by earlier workers. The basic question asked 
by the conference was: 


“How can young research scientists and engi- 
neers be brought more stimulatively, imaginatively 
and creatively into contact with the frontiers of 
science and technology in such a way as to acceler- 
ate significant discovery both in the advancement 
of science and the translation of science into new 
technology?” 


Stated otherwise, the goal is to lift sights to 
higher levels of conceptual thought, and to have 
engineers and scientists more frequently present 
a philosophical assessment of the future rather than 
simply report on completed research, valuable as 
this is for the building-block approach. 

The reverse trend from the earlier formation of 
splinter engineering societies (which have often 
grown bigger than the parent) is seen in that engi- 
neering is now becoming more and more interdis- 
ciplinary. Cross-fertilization of technology is ram- 
pant between scientists and engineers, with mathe- 
maticians, statisticians, physicists and chemists 
working alongside electrical, mechanical and chemi- 
cal engineers in systems development. This trend 
should produce broader outlooks. 

The study of world problems by the EJC Com- 
mittee should give engineers not only a voice in 
national affairs, but also opportunities for leap- 
frogging types of research outside the accepted 
areas that will profoundly affect future technology. 
For our part, ELectro-TECHNoLoGyY will continue 
to present brain-flexing material intended to pre- 
pare readers to meet future problems as well as 
to solve current ones. We are “agin” entrenched 
conservatism in engineering thinking and are all 
for a forward-looking spirit of scientific and engi- 
neering development. 


Editor 





The Technique of 
Transformer Design 


For optimal design of transformers, neither 
the projection of the parameters of existing 
designs nor various common approximation 
methods are satisfactory. This is particu- 
larly true for transformers for use in recti- 
fier circuits. The present article describes 
specific transformer design methods derived 
from well-established theoretical principles 


of electrical and magnetic circuits. 


IRVING RICHARDSON, Chief Engineer 
Transformer Pivision 

N. J. E. Corruration 

Kenilworth, N. J. 


THE KEY FACTORS in power transformer design are the 
selection of a core or lamination, the distribution of core and 
copper losses, and purposeful design for the temperature 
rise and regulation requirements specified. 

Lamination Selection. The laminations shown in Fig. 
1 are suitable for efficient 60-cycle, single-phase air-cooled 
transformers ranging in output from a few volt-amperes to 
about 7 kva. This range is quite adequate for the majority 
of present-day requirements of electronic power equipment. 
With the exception of the EI-251, these are all “scrapless” 
laminations: i. e., the “I” pieces are obtained without scrap 
loss in the punching operation from the windows of the “E” 
pieces. These laminations are therefore inherently economi- 
cal. Furthermore, because the ratio of window area to iron 
cross-section is low, costly copper is conserved while greater 
use is made of the less expensive iron. Particularly for trans- 
formers with rectified output, another advantage of this low 
ratio is low-voltage regulation due to leakage reactance, 
which is a function of the square of the number of turns of 
the output winding. 

In addition to being suitable for single-phase transformers, 
these laminations may also be used in polyphase applica- 
tions. This is often accomplished by arranging three E pieces 
and one J piece as shown in Fig. 2, which illustrates one 
layer of a three-phase shell-type core assembled from single- 
phase laminations. Interleaving is done two by two (i. e., 
two layers as shown, followed by two layers with the direc- 
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tion of the E pieces reversed and the I piece at the opposite 
end of the core), or in other suitable multiples to minimize 
the effect of the butt joints. These shell-type cores may 
be used for a-c output or for any of the common polyphase 
rectifier circuits except the three-phase half-wave circuit 
which, because of unidirectional current in each leg, is bet- 
ter served by a three-legged core. (1, 2)* As usual, the 
winding of the middle phase of the three-phase shell-type 
construction must be inverted to obtain a uniform flux 
density in all areas of the core. (8) 

It is also possible, of course, to employ these single-phase 
cores in polyphase rectifier circuits by building each phase 
as a unit transformer separated from the other phases. The 
advantage of this construction is that, because three separate 
transformers offer more heat-dissipating surface to the am- 
bient air than a single integrated mass, they have a greater 
power-handling capacity for a given temperature rise. On 
the other hand, if the size of a transformer is dictated by 
regulation requirements rather than by an operating tem- 
perature limit, the three-phase shell is preferable because 
this structure has a smaller total volume and reduced core 
losses resulting from the elimination of two I pieces in each 
layer. 


Winding Temperature Rise 


Temperature rise in a transformer winding cannot be 
predicted with complete precision. A minimum requirement is 
to predict temperature rise with sufficient accuracy to specify 
the class of the insulating materials to be used in the trans- 
former; this can be accomplished quite readily. 

Many different techniques are described in the literature 
for the computation of transformer temperature rise. These 
are based on a variety of assumptions concerning the inter- 
change of heat energy between core and coil and upon dif- 
ferent views as to the extent of transformer surface that 
is effective in dissipating this energy to the surrounding air. 
(7, '2;:3) 

A method for temperature-rise computation used widely 
by transformer designers is reasonably accurate for open 
core and coil constructions. It is based on the assumptions 
that core and coil losses may be lumped together and that 
this energy is partly dissipated through the lamination edges 
of the core and partly through the circumferential area of 
the coil that is exposed on each side of the core. A general 
formula for this heat-dissipating area is easily derived for 
scrapless laminations. 

The perimeter of the single phase core, Fig. 1, is: 


P=8A+4B+27T7+2D =11T 


The area of the lamination edges is therefore 117S, where 
S is the height of the stack in inches. 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Fig. ] (2) Designations 
(3) Net weight 


steel laminat 


Stock lamination data. 


No 


(L) Designations of Allegheny Ludlum Co. 


4) Ap is 


The circumferential area of the coil ideally consists of 
two plane surfaces each having an area of T D plus four 
quarter-cylinder surfaces each having an area of 27BD/4. 
The sum of these areas is 372 +- (3272/2) = 7.71 T?. The 
effective area for heat dissipation for scrapless laminations 
is then: 


Ap = 7.71 T? + 11TS (1) 


[The above formula, without derivation, appears in Cited 
Reference (4), p 237.] 

When the sum of core and coil losses is divided by A,, a 
value is obtained for watts dissipated per square inch of 
effective dissipating area. The temperature rise may then 
be obtained by reference to Table I. 


Core Loss and Exciting Volt-Amperes 


Core loss and exciting volt-ampere data appearing in the 
catalogs of lamination steel suppliers are usually limited 
to a few flux densities—e.g., 10,000 and 15,000 gauss. Also, 
this information is usually obtained by the testing of special- 
ly cut strips, usually 3 cm X 50 cm in size (Epstein 
samples). The ratio of parallel-to-grain and cross-grain 
material in blanked laminations is not necessarily the same 
as in the Epstein samples, nor is the effect of the joints quite 
the same, with the result that when a stack of blanked 
laminations in a transformer is tested, its losses are usually 
found to be higher than the published data would indicate. 
Typical 60-cycle values of core loss and exciting volt-ampere 
data over a wide range of flux densities as observed on 
stacks of EI laminations interleaved three by three are 
shown in Table II. Data are provided for two types of 
lamination material, AISI-M19 annealed after stamping 
(Transformer 72, 26 gauge, a relatively low-cost steel) and 
AISI-M6X (grain-orierted silicon steel, 29 gauge) annealed 
after stamping (a considerably more costly material). 


& 


Fig. 2— Arrangement of E and I laminations for three-phase 
transformer. 
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of losses,”” where S is stack depth in inches. 

(5) Laminations EI-625 to EI-250, inclusive, 
which are all scrapless laminations, are de- 
signed to the following formulas: A = B; 
T= 24: Oz 34. 


agnetic Metals Co. 
Assuming silicon 


interleaved 3 x 3 and 


Resistance of copper wire at T deg C may be determined 
from its resistance at 20 C by application of the formula: 


234.5 + T 


234.5 + 20 (2) 


Rr = Pes ( 


where 


R, = resistance in ohms at T deg C 
R.,, = resistance in ohms at 20 deg C 


[Note: The constant 234.5 in Eq (2) is applicable only to 
copper. The equivalent constant for aluminum is 236, for 
silver 250 and iron 160.] 


Table I—Relation of Watts Dissipated /Square Inch 
of Effective Area A, and Temperature Rise of 
the Windings 


Temp, deg C sq in. 
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Table If — E-I Lamination Materials, 60-Cyle Characteristics 


26G. Transformer No. 72 (AISI-M19) 


Kilo- 
gauss 


Kilo- 
gauss 


Core loss, 
watts /lb 


Exciting 
va/lb 


Core loss, 
watts /Ib 


Exciting 
va/lb 


7.0 0.42 
0 43 
0.44 
0 


29 10.8 
21 10.9 
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29 11 
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Core Volt-Ampere Rating. A procedure has been 
developed to determine the volt-ampere rating of any stack 
of EI laminations for any specified temperature rise, to 
apportion the core and copper losses in the most effective 
manner, to determine optimum current density and flux 
density, and to establish the percentage of copper loss regula- 
tion (JR drop) that will result from the use of these design 
values: 


STEP 1: Ascertain the maximum permissible operating tempera- 
ture, the ambient temperature and the difference between these 
values, which is the maximum permissible temperature rise. An 
allowance of 5 to 10 deg C for the difference between the tempera- 
ture of the hottest spot of the coil and the average temperature of 
the coil as determined by the change of resistance method can be 
included by considering the ambient temperature to be that much 
greater than its specified magnitude. 

STEP 2: For the given lamination and stack height and any 
wire size appropriate for use in that lamination, determine the 
maximum number of turns of the chosen wire that will fit into 
the lamination window, employing the correct margins and inter- 
layer insulation. Determine the resistance of the winding at the 
temperature chosen as the operating temperature. (6) 

STEP 3: Determine the weight of the core, taking into con- 
sideration the density loss due to “stacking factor.” The row 
labelled “iron weight” in Table III provides the weights of 
square stacks for the laminations of Fig. 1, taking into considera- 
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29G. Grain-oriented Silicon (AISI-M6X) 


Kilo- 


gauss 


Exciting 
va/lb 


Core loss, 
watts/Ib 


Core loss, 
watts /lb 


Kilo- 
gauss 


Exciting 
va/lb 
0.205 0.4 10.8 | 0.61 
0.21 0.42 10.9 0.63 
0.215 0.44 11 0.65 
0.22 0.46 11 0.66 
23 0.48 11 0.67 
24 0.50 11. 0.685 
25 0.52 11 70 
255 0.54 11 
265 0.56 11 
275 0.58 11 
285 0 11 
290 11 
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tion a stacking density of 92 per cent, which is appropriate for 
3 x 3 interleaving. 

STEP 4: Determine Ap, the effective area for heat dissipation. 

STEP 5: Determine the total permissible watts loss based on 
the anticipated temperature rise. 

STEP 6: 


lows: 


Determine the optimum value of flux density as fol 


(a) Choose for investigation several values of flux density, and 
determine the core loss for each value. 

(b) The maximum permissible copper loss is necessarily the 
difference between the total permissible loss and the core 
loss. 

Since the resistance of the winding at the operating tem- 
perature is known, the value of the current, /, for each value 
of 12R (copper watts loss) may be determined. The value 
of J as determined in this manner is the maximum value 
for each level of flux density, since any greater value of 
I would lead, in combination with the core loss at that flux 
density, to a total watts loss in excess of the maximum set 
in STEP 5. 
Assuming that half the number of turns of the coil consti- 
tutes a primary winding, determine the input voltage, E, 
corresponding to this number of turns, for each of the values 
of flux density being investigated. The following formula is 
used: 
N 


i 


tal > A810" 
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where 
f =line frequency 
N = total number of turns in the winding 
A = net core area in sq in. (Gross core area multiplied 
by stacking factor) 
B = flux density in gauss 


Multiply the input voltage, E, from STEP 6(d) by the 
current, J, obtained in STEP 6(c). This product is the 
input volt-ampere rating for each level of flux density. The 
optimum flux density is, of course, the one which results 
in maximum volt-amperes of input, and all other levels may 
be disregarded in the further steps below. (Note: The flux 
density chosen should not result in excessive core excita- 
tion. A reasonable limit for exciting current is 25 to 35 per 
cent of primary load current.) 

STEP 7: Determine output volt-ampere rating. This is the dif- 
ference between input volt-amperes selected in STEP 6(e) and 
total losses determined in STEP 5. 

STEP 8: Determine percentage of operating efficiency. This is 
the ratio of output volt-amperes to input volt-amperes multiplied 
by 100. 

STEP 9: Determine the percentage of copper loss regulation. 
This is the ratio of J2R loss to output volt-amperes multiplied 
by 100. 

STEP 10: Establish the current density employed by dividing 
the current magnitude by the area of the copper wire in the 
winding. 

It will be observed that the above procedure leads to 
that particular apportionment of iron and copper losses 
that permits the transformer under consideration to deliver 
maximum power to the load at a given equilibrium tem- 
perature. This result is not the same as operation at 
maximum efficiency, which obtains when the ratio of total 
losses to output power is a minimum. Maximum efficiency 
is accomplished by the equal division of losses between the 
iron and the copper. 

It will generally be found that copper losses exceed iron 
losses for the condition of maximum output power and fixed 
total losses. Improvement in efficiency of operation results 
when such a unit is operated at less than full load —i. e., 
when copper losses are reduced to the point that they equal 
core losses. 

[For a detailed discussion of the conditions for maximum 
efficiency, the reader is referred to Cited Reference (3), 
p 73, and Cited Reference (5), pp 539-540. The design 
procedure offered herein is based on the assumption that 
minimum first cost and smallest size are the designer’s 
prime objectives and that economy of operation is secondary. ] 


An example will now be given to demonstrate the de 
scribed technique of rating a given core. 


STEP 1: Assume 150 C operating temperature, 75 C tempera- 
ture rise, and 75 C allowance for ambient temperature and safety 
factor for local hot spots. Class F materials would be required for 
this construction. 

STEP 2: Assume that the core to be rated is a square stack, 
% in. stack height, of EI-87. Grain-oriented M6X silicon steel 
29 gage, operating at 60 cycles. No. 30 AWG is a suitable wire 
gage for use on this lamination. The window will accept 2400 turns 
of 30 AWG magnet wire, the resistance of the entire winding 
being 101 ohms at 20 deg C. (6) The resistance at the operating 
temperature of 150 C will be: 

934.5 5 
Rise = (Sas oy) 101 = 153 ohms 

STEP 3: Weight of core is 1 lb, Table LI. 

STEP 4: Area for heat dissipation, Ap) = 14.31 sq in. 

STEP 5: Watts loss per sq in. of dissipating surface for 75 C 
temperature rise is 0.71 watt, Table I: 

total permissible loss —14.31 sq in. & 0.71 watt = 10.2 watts 

STEP 6 

(a) Flux density (gauss) 13,600 14,000 14,400 14,800 15,000 

Total loss (watts) 10.2 102 102 10.2 
Core loss (watts) 12 1S Te 1.6 

(b) I?R,.,.. loss (watts) 90 885 8.73 8.6 

(c) 7, amp 0.242 0.240 0.239 0.237 

(d) E, volts 198 203.5 209 215 ‘218 

(e) Input volt-amperes 48 488 50 St SiS 

Exciting volt-amperes 6.8 9.0 11.7 15 16 

If it is desired to maintain exciting volt-amperes below 25 per cent 
of input volt-amperes, it will be seen that 14,400 gauss is the 
limiting flux density, although higher densities will provide slightly 
higher output power. If we limit further analysis to the condition 
of 14,400 gauss, then: 

Input volt-amperes = 50 va 

Total loss = 10.2 watts 

STEP 7: Average rating = 40 va. 

STEP 8: Per cent efficiency = (40/50)100 = 80 per cent. 

STEP 9: Per cent copper regulation = (8.73/40) 100 = 22 per 
cent. 

STEP 10: 
amp/sq in. 


Current density = (0.239/7.89 « 105) = 3040 


The design values derived above are tabulated in Table 
III together with similar data for “square” stacks of the 
other 10 laminations of Fig. 1, based on the same tempera- 
ture rise, operating temperature and ratio of exciting to in- 
put volt-amperes. 


It will be observed that, in the derivation above, the 


Table lil — E-Il Lamination Ratings at 60 cps, Single Phase 
[29 gauge grain-oriented silicon steel (AISI-M6X) 75 C ambient + 75 C temperature rise = 150 C operating temperature. 


Square stacks. | 


Lamination EI 
Average va 


% Copper reg. 
% e, (F.W.C.T.) 














Flux (kilogauss) 
% Efficiency 
exciting va 


oO ° 
input va 





Core loss, watts 
I?R loss, watts 





Iron weight, lb 
Copper density, A/sq in. 
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37.4 47. 5 79.2 


14.2 22.2 31.1 
2000 1845 1550 1335 935 


| 3s 
& 














primary and secondary volt-amperes are assumed to be 
equal. The rating of 40 va established in STEP 7 is to be 
understood as the rating for the condition of a 1:1 ratio of 
primary and secondary volt-amperes. 

In the event that primary and secondary volt-amperes 
are unequal, as is the case for transformers used in some 
rectifier circuits, due consideration must be given to this 
fact. Thus, if the transformer is used in a single-phase, 
full-wave center-tapped circuit, the following relations apply: 

(a) Secondary va = 1.57 d-c watts. 

(b) Average va = 1.34 d-c watts. 

(c) Primary va = 1.11 d-c watts. 

(d) Average va/secondary va = 0.854. 

(e) Primary va/secondary va = 0.707. 

In this circuit, the 40 va construction would be suitable 
for a transformer having the following ratings: 

Secondary va — 46.8 

Average va = 40 ie., (46.8 0.854) 

Primary va = 33.1 ie., (46.8 0.707) 

[The relation of a-c to d-c values for the common rectifier 
circuits is provided in Cited Reference (7), pp 306-307.] 

Copper Loss Regulation. The regulation due to the 
copper losses of a transformer not to be used in a rectifier 
circuit is: 


Fig. 3— Various methods of interleaving transformer windings 
for reduction of leakage inductances. 
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_q per cent copper “ _100IR _ 100 Woe 
regulation -  E, output va 


(3) 


where / and R are referred to the output winding, EF, is the 
output voltage and W,,, is the total of J?R losses in the trans- 
former. 

When the transformer is used in a rectifier circuit, the 
regulation depends upon the ratio of total copper losses to 
output watts of d-c energy. The equation for regulation then 
becomes: 


i = KWou ) w 

transformer average va 
where K is the ratio of transformer average volt-amperes 
to d-c output watts. To illustrate: the value of K for the 
single-phase, full-wave center-tapped circuit is 1.34, Table 
IV. The copper loss regulation of the EI-87 square stack 
construction analyzed previously when used in this circuit 
would be: 


per cent copper loss _ 100 X 1.34 X 8.73 _ 
( regulation ) = —— 29.2 per cent 


per cent copper loss 
regulation 


Regulation and Stack Height. The percentage of 
copper loss regulation decreases in a regular manner if 
stack height is increased while current density and flux 
density are held constant. Let R, be the percentage of cop- 
per loss regulation as determined in STEP 9 for a square 
stack (stack height = 7) of any scrapless lamination; let 
Ry; be the percentage of regulation for all of the same 
conditions, except that stack height is changed from 7 to S; 
and let J, be the mean length of copper turn in the square 
stack. Then, 


lv + 4S ~ 7) 
lu 
is the ratio of the mean length of turn for stack of height S 
to mean length of turn for stack of height 7. It is also the 
ratio of their respective resistances and copper losses. 
Further, S/T is the ratio of the volt-ampere rating of 
stack of height S to the volt-ampere rating of stack of height 
T. Then, 
Rs _ w+2S — T) T " 
Rr os ly x S () 
Since the mean length of turn for a square stack of any 
scrapless lamination is a function of T as follows: 


wars Se a 6.0rr 


we can simplify Eq (5) to 


2S 
3.57 + a 
eee (6) 
Rr 5.57 _ 
Equation (6) is evaluated in Table V for various ratios of 
S/T for the scrapless laminations. 
Note that mean length of turn in a stack of height S 
for any of the scrapless laminations is equal to 


lu + 20S — T) = 3.57T + 2S 


For the design values of Table III, a square stack of 
EI-87 has a volt-ampere rating of 40 va and a copper regula- 
tion of 22 per cent. If a 60-va transformer is desired, a stack 
height of 15 & % in. is required. Reference to Table V 
reveals that the copper regulation for this stack is 0.785 
22 per cent = 17.3 per cent. 

If this construction (EI-87  1%¢6 in.) is used in a full- 
wave, center-tap rectifier circuit, the copper regulation would 
be: 

1.34 X 0.785 X 22 per cent = 23.1 per cent 


Evaluation of Leakage Inductance. Leakage flux 
is that part of the magnetic flux produced by the current 
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in one winding which does not link the other winding. If 
K,, the coefficient of magnetic coupling, is defined as the 
ratio of linking flux to total generated flux, then 


L’, = 21 — KL» 
L’, = 21 — Ki)L, 


where L’, is the sum of the primary and secondary leakage 
inductances referred to the primary, L’, is the sum of the 
primary and secondary leakage inductances referred to 
the secondary, L, is the primary open-circuit inductance, 
and L, is the secondary open-circuit inductance. 

Various formulas appear in the literature for the calcula- 
tion of transformer leakage inductance, which is a function 
solely of the transformer geometry. Breaking up either 
primary or secondary or both and interleaving the sections 
of the windings decreases the leakage inductance. For the 
varying degrees of interleaving illustrated in Fig. 3, the 
leakage inductance is given in Cited Reference (9), Section 
14, p 12, as 


Sut 


L,' — DEMIN (a+ hy + he 


—s mite) 10-* henrys (Fig. 3a) (7a) 


L,’ = 9. Uae (2a + NY 10-* henrys (Fig. 3b) (7b) 


L,’ = 0.89 suey (20+ d + *) 10-8 henrys (Fig. 3c) (7c) 


where 


ly == the mean length of turn of the entire coil in inches 
N, == the number of primary turns 

d = the dielectric thickness between windings, in. 

h = the winding depth, in. 

W == the winding width, in. 


Since the path of leakage flux is principally in air, the 
leakage inductance is independent of the character of the 
core material, including its permeability and d-c magnetiza- 
tion, if any. 

In Figs. 3b and 3c the secondary is shown as sandwiched 
between layers of primary; the reverse arrangement of pri- 
mary sandwiched between layers of secondary has exactly 
the same effect in reducing leakage inductance. In Eqs (7a), 
(7b) and (7c), the total leakage inductance referred to the 
secondary side is obtained by replacing N, by N,, where N, 
is the number of secondary turns. 

For any specific lamination, the mean length of turn 
of copper is a fixed value for a given height of stack. For 
simplicity, we will restrict our discussion to square stacks. 
Further, assuming that the voltages in the windings are not 
in excess of 500 to 1000 volts, then coil margins will depend 
upon the gage of copper used, dielectric thickness will be 
nominal, and practical values may be assigned to d, W and 
h. By substituting these practical values in Eqs (7a), (7b) 
and (7c), it is possible to reduce them to the form 


(8a) 
(8b) 
(8c) 


For the sake of brevity, we will reduce further discussion 
to the construction shown in Fig. 3a, for which the leakage 
inductance is expressed in Eq (8a). 

Table VI lists nominal magnitudes for the terms of Eq 
(7a) and supplies the values of C, in the equivalent Eq 
(8a) for square stacks of the specified laminations. 

Commutation in Rectifier Circuits. For a single- 
phase circuit employing a center-tapped transformer for 
full-wave rectification with choke input filter, assuming that 
the circuit has zero leakage reactance, the d-c output voltage 
will be illustrated by Fig. 4; E is the rms secondary voltage. 
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Average va 
d-c watts 


Average va Primary va 
Rectifier circuit Secondary va | Secondary va 
Single-phase, full-wave, 


center-tapped 0.854 0.707 


Single-phase, full-wave 
bridge 1.000 1.000 


Three-phase, half-wave, 


delta-wye 0.909 0.818 


Six-phase, half-wave, 


delta-star 0.707 


Six-phase, delta-double- 


wye with balance coil Q. 707 


Three-phase, full-wave, 


delta-wye 1.000 


Three-phase, full-wave, 


wye-delta 1.000 


% Reg. (S) 
% Reg. (T) 


1.07 
0.94 
0.89 
0.85 
0.816 
0.785 
0.760 
0.735 
0.717 
0.695 


o 


eet et et et et 
CORIANAWNHKEO 
> WWwWWD HD BD DH 
cocoocococeo 


Table VI 


Lamination | 


EI-625 
EI-75 
EI-87 


EI-100 
EI-125 
EI-138 





EI-150 
EI-175 
EI-212 


EI-250 
EI-251 


The average value, E,.., of the d-c voltage wave is the area 
under the curve averaged over the interval taken. Thus, 


Baie f EV Tsin de 
TJ0 


EvV2 P 2 
V2 | -cose | — 2V2E (9) 
Tr TT 


In practice, the idealized waveform of Fig. 4 does not 
obtain because of the presence of leakage inductance in the 
transformer and a-c lines. This inductance prevents the in- 
stantaneous transfer of load current from one phase to the 
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1 2TT 


Fig. 4—JIdealized single-phase d-c voltage waveform. 


next. It causes both rectifiers to conduct simultaneously 
during an interval of commutation, the transformer being 
thus temporarily short circuited. The short-circuit current 
increases in amplitude until its instantaneous value is equal, 
but of opposite polarity, to the load current, at which time 
commutation is completed. The resulting waveform of the 
d-c voltage is the heavy line of Fig. 5, u being the com- 
mutation interval. E,_. is reduced by the commutative effect, 
the reduction e, being equal to the area under the curve in 
the interval u averaged over the half cycle of duration z. 
Ey 2 


oe ee 2 2 
é, = f Ev 2 sin 6d@ = (1 — cosu) (10) 
TJ0 TT 
It can be shown that in the general case of a p-phase recti- 
fier, the equation for the idealized d-c voltage analogous 
to Eq (9) is 


. an: Ls 
Ev 2sin — 
7 ) 
Ea F 
a/p 


and the voltage lost by commutation is 
= (; x EV 2 sin “)a —“cosu) (12) 
a , 


The requirement that the short-circuit current equal the 
load current in magnitude at the completion of commuta- 
tion is expressed for the p-phase system by 
Reference (10), p 57] 


| see Cited 


(ev2 sin =) (1 — cosu) 
: . aad (13) 
X 


where / is the load current and X = o L, L being the total 
leakage inductance per secondary phase (phase to neutral) ; 
L also includes the equivalent inductance of the a-c line 
referred to the secondary. This can usually be neglected for 
the case of a transformer connected to a 60-cycle utility line. 
The inductances of generator and lines becomes significant, 
however, in 400-cycle or higher-frequency applications where 
the power source is a relatively small generator. 
Substituting (1—cosu) from Eq (13) into Eq (12): 


1X 


2x/p 


== 


Se (14) 
Expressing the voltage reduction as a percentage of open 
circuit d-c voltage, Epo, we obtain: 


I Xx 100 


2r / p Epo 


per cent e, = (15) 

Variation of e, with Circuit Configuration. The 
leakage reactance of a polyphase transformer with un- 
rectified output is different from that exhibited by the same 
transformer when it is part of a rectifying circuit. When 
the output is not rectified, the reactance is measured under 
the condition of a complete secondary short-circuit involv- 
ing all phases. When the transformer powers a rectifier 
circuit, the commutating current flows only through two 
secondaries of two successive phases and the reactance is 
that which obtains when these two phases are short circuited 
[Cited Reference (J1), p 114). 
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Fig. 5—Effect of transformer leakage reactance on single-phase 


d-c voltage waveform. 


Let X, be the equivalent secondary leakage reactance per 
phase referred to the primary. The percentage of primary 
reactance (X %) may then be defined as 
100 1,X> 


(X %) = (16) 


é 
where E,, is rated primary voltage and /, is rated primary 
current. 

Equations (15) and (16) provide a means for comparing 
the commutation voltage drops for a given transformer 
resulting from variation of the rectifier circuit configuration 
of which the transformer is a part. 

Thus, for the 3-phase, delta-wye, half-wave circuit, for 
which 

I = 2.13 I, [Cited Reference (7), p 306] 
Eno = 1.11 E> 
ia K 
Substitution in Eqs (15) and (16) results in 


2.131,Xp -, 100 


ver cent e ; x ats 
E 2x/3 |.17E, 


0.87 (X XY) (17) 


For the 6-phase, delta double-wye with balance coil: 


Then, 

per cent eg = 0.5 (X %) (18) 
The voltage lost by commutation in the single-phase, center- 
tapped full-wave circuit cannot be computed by the use of 
Eq (12). This is due to the fact that when this system is 
shorted in commutation, the voltage acting on the leakage 
reactance to produce short-circuit current is derived not 
from one phase, but from both halves of the secondary, 
which is fully shorted. As a result, Eq (13) is replaced by 


Eq (13a): 


2EV 2 sin - (1 — cosu) 
ae eae ee 


4 
Combining Eq (13a) with Eq (10), we obtain 
1X 


ez 
9 
<T 


(14a) 


where X is the reactance of the entire secondary, whence 


IX _, 100 


yer cent e, = A= 
I 2r Epo 


- I, 
7 


per cent e, = 0.707 (X %) 
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It is apparent that for each rectifier circuit there exists a 
relation 

per cent e, = C, (X %) 
in which C, has a value that is dependent upon the circuit 
configuration. Values of C, for the commonly used rectifier 
circuits are given in Table VII. 

It has been seen that, for routine transformer designs 
based on any given core, it is possible to express the leakage 
inductance in a transformer as the product of a constant and 
the square of the number of turns of either primary or 
secondary. Thus 


L’, = C.N;* (8a) 


Because X, == secondary reactance per phase referred to 
the primary, the following relations 


X> = 2nfL’, 
X, = 2nfC.N;? 


(20) 


are not precisely correct, since the ratio N,/N, exceeds the 
voltage ratio of the windings in order to reflect the trans- 
former regulation. We cannot correct for the regulation due 
to leakage reactance since at this point it has not yet been 
found; we can, however, improve the accuracy of the calcula- 
tion by including at least the regulation due to copper loss. 
Let 


per cent copper regulation + 100 
100 
X, = 2nfC.(RF)N;? (21) 


(RF) = Regulation Factor = 


It has also been seen that for the various rectifying circuits 
C, 1pXe 


per cent e, = — < 100 
E> 


per cent e, Cis 


7 PX 2nfN,? (RF)? X 100 (22) 


“e 


If we multiply the right side of Eq (22) by E,/E, we obtain 


ioe Ns per4 \7GP As ‘ 
per cent e, 100 C.C, 2xf E2 (VA,)(RFY (23) 
4p 
where VA, is the primary volt-ampere rating of the trans- 
former. 
The ratio N,/E, is determined from the fundamental 
transformer relation 


N, _ 3.49 X 108 a 
E,  fAnB (24) 


where A, is the net cross section of the core in square 
inches and B, is the primary flux density in gauss. 
One other modification may be incorporated in Eq (23) 
for the sake of increasing its utility. For any rectifier circuit 
primary va i 
; = C; 
average va 
where average va is one-half the sum of primary and second- 
ary volt-amperes per transformer leg. Values of C, are 
given in Table VII, as well as values of C,, where 
C, = CC, (25) 
Then, combining Eqs (23), (24) and (25), we obtain 


3.49 X | 
fAn By 
(average va(RFY (26) 


: 100 C.C, X 2nf 


per cent e, 


Finally, since for any given lamination, stack height, maxi- 
mum temperature rise, frequency and quality of core mate- 
rial it has been possible to compute the (optimum) average 
volt-amperes and to deduce optimum flux density as shown in 
Table III, it is also possible to generalize on per cent e, 
for these constructions. 

Thus, evaluating Eq (26) for EI-250 in square stack for 
the design values of Table III, we obtain: 
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Table Vil 


Constant Cr 


| Primary va 


| Avg va 


Circuit 

designation 
Single-phase, full-wave center 
tapped 


Definition 


0.828 





Single-phase, full-wave bridge 


1.000 


Three-phage, half-wave delta-wye| 


Six-phase, half-wave delta-star 


Six-phase, delta-double-wye with 
balance coil 





Three-phase, full-wave delta wye 





Three-phase, full-wave wye-delta 








100 X 4.63 X 107-8 X 377 
lw 3.49 X 108 

60 X 5.75 X 14,800 
1.57 C, 


per cent e, 


| 1823 X 1.026? x C, 


For the case of the single-phase, full-wave center-tapped 
circuit where C, = 0.585, the above relation yields (for 


EI-250) 
per cent e, = 1.57 C, = 0.92 per cent 


This value, designated per cent e,, is listed in Table III 
together with corresponding values for the single-phase, full- 
wave center-tapped circuit for all of the laminations of Fig. 1. 

The listed value of per cent e, may be used for computing 
the reactive regulation when the transformer is part of a 
rectifier circuit other than single-phase, full-wave center- 
tapped. Thus, if the square stack of EJ-250 is used in a 6- 
phase, half-wave delta star: 


1.011 


per cent e, = 0.585 X 0.92 per cent = 1.59 per cent 
.585 


Variation of Per Cent e,. with Stack Height 
Referring to Eq (26), for the product of the terms 


3.49 X 108 : 
——— and (RF)? 
fAnB, — 
we may substitute (N,/E,)2 where N, is the: number of 
turns of secondary winding and E, is the corresponding rms 
output voltage. Also, if C’, is the constant C, of Table VI 
adjusted for change of stack height, then 
N. \* 
per cent e, = 100 C’.C, 2xf (= ) x average va 27) 
4s 
For a given current density in the windings and a given 
flux density in the core, a change in stack height from 7” to 
S” will result in the following changes: 
+2AS—- TT), _ 3.57T + 25 ,, 


a =a C 
‘ : . 


C’, (for stack S) = In 5577 
-o 


(28a) 


S 
; X avg va for square stack T (28b) 


avg va (for stack S) = 1 


(28c) 


x (for stack S) = - ( i ) for square stack T 


Then, 


per cent e, for stack S 


In + 20S — T) 


per cent e, for stack T be 


wn im + AUS 
ba 





It will be observed that the change of reactive regulation 
with stack height is in precisely the same proportion as the 
change of copper regulation given in Eq (5). The factors 
of Table V are therefore equally applicable. For most prac- 
tical applications, the total transformer regulation may be 
taken as the sum of the copper loss and reactive regulations. 

Design Example. A design example will illustrate 
the use of the procedures developed above. We are given 
the following specifications for a transformer to be used in 
a rectifying circuit: 


primary: 208 volts, 3 phase, 60 cycles, delta connected 

d-c output: 75 volts at 6.9 amp 

transformer regulation: 7.5 per cent max 

circuit: 6 phase, half wave, delta-star 

ambient temperature: 75 deg C 

operating temperature: 150 deg C 

mechanical requirements will be satisfied by the use of three 
single-phase transformers. 


The specified d-c output makes necessary a secondary rms 
rating on each leg of 111 volts center tapped, 2.82 amp rms 


[Cited Reference (7), p 307]. Then, per phase, let 


secondary va = 313 
primary va = 22] 
average va = 267 (Table IV) 


STEP 1: Consider first the use of a square stack of EI-150, for 
which design data are given in Table III. Average va rating is 
298 va. 

Copper loss regulation = 1.55 X 7.3 per cent = 11.3 per cent 

(Tables III and IV) 
x 0.75 per cent = 13 per cent 
(Table VII) 


= 12. per cent 


Per cent ez = 1.011/0.585 


Total regulation 


The regulation of this construction is thus much too great. 

STEP 2: Assume an increase of stack to 130 per cent of square, 
which is 13 x 1.5 in. =2 in. The volt-ampere rating of a 2 in. 
stack at rated copper density of 2000 amp per sq in. is 1.3 & 298 
= 388 va. The current density can therefore be reduced by a 
factor of 267/388 to obtain 267 average volt-amperes from the 
2 in. stack. The revised current density will then be (267/388) x 
2000 = 1380 amp/sq in. (Note: 267/388 = 69 per cent.) 

The reduction in current density causes an equal reduction in 
both copper loss and reactive regulation. Furthermore, the in- 
crease of stack to ratio S/T =1.3 also reduces the regulation, 
Table V, the factor being 85 per cent. The regulation then 
becomes: 

Copper loss regulation: 
11.3 per cent (0.69 & 0.85) = 6.6 per cent 
Reactive regulation: 
1.3 per cent (0.69 0.85) = 0.76 per cent 


Total regulation: 7.36 per cent 


We are now reasonably sure that a 2 in. stack of EI-150 at a 
current density of 1380 amp/sq in. and a flux density of 14,800 
gauss will provide the specified regulation. The temperature-rise 
limit of 75 C will not be exceeded since the current density is 
less than 2000 amp/sq in., which leads to 75 C rise in the calcula- 


tions of Table III. 
STEP 3: Estimated losses per phase: 


iron: 2 ia. X 8.1 watts = 10.8 watts (Table III) 


1.5 in. 


3.57T + 2S 
5.574 
Note: The copper losses can alternatively be estimated from the 
anticipated percentage of copper loss regulation and output watts 
per phase: (267 va/1.55) XX 6.6 per cent = 11.4 watts. Estimated 
temperature rise: 
total losses — 10.8 + 11.6 = 22.4 watts 
Ap for EI-150 X 2 in. = 50.35 sq in. 
watts per sq in. = 22.4/50.35 — 0.44 
temperature rise = 51 C (Table I) 


copper: X 21.8 watts X (0.69)? = 11.6 watts 


STEP 4: primary volt-amperes: 
primary load va + losses = 221 + 22.4 = 243.4 va 


STEP 5: primary current: 


primary va 243.4 | 
primary volts 208 Bier ae 
In STEP No. 2 it was established that 1380 amp/sq in. is maxi- 
mum permissible current density. Then 19 AWG is the smailest 
suitable standard wire gage. Current density will be: 
amperes eg 


area (sqin.) 1.01 X10 SD Sea, a. 


STEP 6: Secondary current 2.82 amp, No. 16 AWG is required. 


__ 2.82 

2.03 X 10-3 

STEP 7: The winding tables of Cited Reference (6) show that 

EJ-150 will accept 13 layers of 47 turns each of 19 AWG, and 

9 layers of 33 turns each of 16 AWG. It is obvious that for 

each layer of primary winding the transformer will require 
111 1 


1.074 X 47 X 208 x 3: 


current density = = 1390 amp/sq in. 


~ = 0.817 layers of secondary 


where 
correction for regulation = 1.074 
number of primary turns per layer = 47 
ratio of voltages = 111/208 
number of secondary turns per layer = 33 


This information enables us to utilize the lamination window 
with maximum effectiveness. It will then be seen that: 
(a) 5 layers of primary require 4.1 layers of secondary 
(b) 6 layers of primary require 4.9 layers of secondary 
(c) 6.12 layers of primary require 5 layers of secondary 
(d) 7 layers of primary require 5.72 layers of secondary 
The above relations provide that at least one winding is an integral 
number of layers, which is the condition for optimum space 
utilization. 
It will be found that choice (c) above is the one which provides 
a coil section closest to, but not in excess of, 90 per cent of 
window width, which is a reasonable criterion for maximum coil 
section. 
STEP 8: Coil section: 
nominal clearance core to core tube 
core tube thickness [Cited Reference (6) ] 
5 secondary layers at 0.0524 in. 
4 thicknesses interlayer insulation at 0.010 in. 
winding wrap 0.010 
7 primary layers at 0.0374 in. 0.262 
6 thicknesses interlayer insulation at 0.005 in. each 0.030 
coil wrap 0.010 


0.664 in. 


0.015 i 
0.035 
0.262 
0.040 


The window width for EI-150 is 0.750 (Fig. 1). Coil section of 
0.664 is 88.5 per cent of window width and quite acceptable. 
Secondary winding is beneath the primary, because the secondary 
consisting of 5 full layers will occupy the maximum windc w 
traverse and will give good mechanical support to the primary, 
which on the average will occupy only 6.12/7.00 of its permissible 
traverse. 

STEP 9: Total primary turns = 6.12 & 47 = 288 turns. These 
are accommodated on 6 layers of 42 turns and a seventh layer of 
36 turns. Total secondary turns = 5 & 33 = 165 turns, center 
tapped at 82 \% turns. 


STEP 10: (Eq 24) 


3.49E,X 10° 3.49 X 208 X 108 

{N,B—s«60 X 288 X 14,800 
For 3 x 3 interleaving, the stacking factor is approximately 92 
per cent, and gross core area will be 2.84/0.92 = 3.08 sq in. 
Stack height is 3.08/1.50—= 2%. in. This completes the trans- 
former design. 


core area Ay = = 2.84sq in. 


The design should be checked for conformance to the 
original specifications: 
(1) Secondary winding, mean length of turn: 
0.262 + 0.040 
9 


+ 2(2% in. + 1) in.) = 8.39 in. 


2r (0.015 + 0.035 + 
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Resistance at 20 C: 


8.39 in. X 165 ‘ 
2 * Too 


Resistance at 125 C: 


= 0.464 ohm 


¢ 
0.464 X — 


3 a 
354 ~ 0.655 ohm 


I?R loss in secondary: 
2.82? X 0.655 = 5.3 watts 
(2) Primary winding, mean length of turn: 


262 95 
2r(0.015 + 0.035 + 0.302 + 0.010 + 208 2) 


+ 2(24% + 1%) = 10.31 in. 
Resistance at 20 C: 


10.31 in. X 288 8.05 _ , 
12 — 1000 = 2.0 ohms 


Resistance at 125 C: 


.82 ohms 


.82 3.90 watts 


(3) Total copper loss is therefore 5.3 -+- 3.9= 9.2 watts. 
This compares with an estimated loss of 11.4 watts. The 
reduced loss is the result of using 19 AWG in the primary at 
1160 amp/sq in. The copper loss regulation will also be 
smaller than anticipated. 

(4) Weight of core: 

2% in. 
ves Sib = 6.95 
I< in X 5.05 lb = 6.95 lb 
(5) Core loss: 


6.95 lb X 1.6 watts/Ib = 11.1 watts 


Exciting va: 
6.95 lb & 15 va/Ib = 104 va 
(6) Temperature rise: 
5.3 watts 
3.9 watts 
11.1 watts 


20.3 watts 


secondary copper loss 
primary copper loss 
core loss 


Total 


A,, for EI-150 51.4 sq in. 

watts per sq in. = 0.40 

temperature rise (Table 1) 17 C 
(7) Copper loss regulation: 


1.55(5.3 + 3.9) 


= x 100 75 per cent 
267 


(8) Per cent e, [Eq (28a) |: 


3.57T 
Cc’, = 2.73 xX 10* x —— 


N, 
E, 
This compares with 0.76 per cent originally estimated. 
(9) Output voltage: 
's , 165 
s x E> spy X 208 

a —? ; oO —_ - = ]12 volts 
® copper regulation + % ez 1.064 

100 


) x average va = 0.7 per cent 


per cent e, 100 C’.C,2rf ( 


1 + 


The slightly high output voltage, which is a result of better 
than anticipated regulation, can be corrected by adding 2 
turns to the primary winding. This step virtually completes 
the design check. 

The effect on the transformer performance of the exciting 
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current has so far been neglected. We can recompute the 
primary current including exciting current by the following 
approximate relationship: 


lL, = EV We + Won + Wa? + We We (29) 


where 
W,. == load volt-amperes referred to the primary 
W ~., = copper loss (watts) 
W »_ == core loss (watts) 
W ny = exciting volt-amperes 


Substituting in Eq (29): 


I, = ona V @21 +9.2 411.1)? + 104 — 11.1? = 1.26 amp 


In spite of the rather large value of exciting volt-amperes, 
the correction of primary current has been only from 1.17 
amp to 1.26 amp, which is not very significant. 

The transformer design procedures developed above and 
the tabulated circuit data have been presented for the condi- 
tion that a choke input filter follows the transformer and 
rectifier circuit. If no filter is used and the rectified voltage 
is fed directly into the load, design procedures are un- 
changed, but due consideration must be given to the fact 
that the relation between the d-c load current and the rms 
current in the transformer secondary is different for some 
circuits from the relation that exists when a choke input 
filter is present. For circuits involving six or more rectifiers, 
the ratio of /,,,.//4.. is, for all practical purposes, unaffected 
by the elimination of the choke input filter. 

The operation of rectifier circuits with capacitor input 
filters has been described in detail by O. H. Schade. (12) 
In these circuits the ratios of d-c output voltage to second- 
ary rms voltage and the d-c load current to secondary rms 
current are functions of the filter capacitance and the trans- 
former and rectifier resistance. The writer has generally 
found that, in single-phase circuits using silicon rectifiers, 
the d-c output voltage is in the neighborhood of 85 to 90 
per cent of the peak a-c voltage of the secondary, and the 
secondary rms current is 1.2 to 1.25 times the d-c load cur- 
rent for the full-wave, center-tapped circuit and 1.7 to 1.8 
times the d-c load current in the full-wave bridge. OOO 
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Thermoelectricity, first discovered by See- 
beck in 1822. 


tory curiosity. In the last few years, ad- 


was until recently a labora- 


vances in solid-state physics have given us 
a class of semiconductor materials whose 
properties are particularly adaptable to 
thermoelectric applications. This new class 
of materials and new fabrication techniques 
have provided strong incentives to many 
rapidly expanding thermoelectric develop- 
ment programs. Devices have been produced 
which prove the feasibility of thermoelectric 


power generation as well as refrigeration. 


R. S. LACKEY and W. L. WRIGHT 
New Products Laboratory 
WestincHouse ELectric CoRPORATION 
Cheswick, Pennsylvania 


THERMOELECTRICITY, as the term is commonly used, 
refers to a combination of the reversible phenomena 
known as the Peltier, Seebeck, and Thompson effects. 


ih Electron flow—> 


Fig. 1— An n-p-n junction (above) and the distribution of 
energy levels caused by current flow through it (below). 
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The Peltier effect is the reversible transformation of 
electrical potential energy into heat at a junction of dis- 
similar conductors. This is shown graphically in Fig. 1. 
Electrons (—J), in flowing from n, to p, suffer a loss 
in electrical potential energy. The energy given up by 
the electrons in crossing the junction appears at the 
junction as heat. Conversely, as the electrons flow from 
p to n,, they suffer a rise in electrical potential energy. 
The energy gained by the electrons is derived at the 
junction from the thermal energy of the p material. The 
result is a cooling or heat absorption at the junction. 
The rate at which Peltier heat, Qp, is absorbed or cooled 
is given by 

Qp = rl (1) 


where z is the Peltier coefficient in units of energy per 
ampere of current. This effect is the principal thermo- 
electric phenomenon used in thermoelectric refrigeration. 

The Thompson effect is the reversible transformation 
of electrical potential energy into heat which occurs in 
the presence of a finite temperature difference within any 
single homogeneous conductor. This effect plays only a 
small part in thermoelectric cooling and is usually ne- 
elected. 

The Seebeck effect is the generation of an emf in the 
presence of a temperature difference between the junc- 
tions of two dissimilar conductors. The sum of the emf’s 
generated within such a circuit is the Seebeck emf or 
thermoelectric force, V,. A more important quantity is 
the Seebeck coefficient or thermoelectric power, S, which 
is defined as the rate of change of thermoelectric force 
with temperature. Expressed in equation form, 


dV, 


S = aT (2) 


The relationship between the Seebeck and Peltier 
effects is given by 


x = ST (3) 


where J is the absolute temperature of the junction. 
Material Properties. A good thermoelectric material 
should have, in terms of material properties, 


(1) good electrical conductivity 
(2) a high Seebeck coefficient 
(3) a poor thermal conductivity. 


A useful quantity for describing the quality of a 


thermoelectric material is Z, the figure of merit. In 
equation form, Z is expressed 


Z == (T*) (4) 
p 


where p and &k are the electrical resistivity and thermal 
conductivity of the material involved. (Note that Z is 
defined by the three material properties listed previously.) 
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Fig. 2— Variations in the properties of materials as determined 
by the electron concentration. 
“e 


These properties of the material are all functions of 
the concentration of “free” electrons or charge carriers 
(Fig. 2). Metals, which contain large concentrations of 
charge carriers, have good electrical conductivities, but 
exhibit low Seebeck coefficients as well as unfavorable 
thermal conductivities. Large Seebeck coefficients are 
present in insulators. Electrical resistivity of insulators, 
as the result of their low concentrations of charge carriers, 
is also high. Consequently, insulators and metals are both 
poor thermoelectric materials. 

The product, S*?/p, as graphically illustrated in Fig. 2, 
reaches a maximum at a charge carrier concentration of 
approximately 10'° per cu cm. This concentration occurs 
in materials classified as semiconductors, making them 
the best choice for thermoelectric materials. 

Semiconductor materials offer two additional advan- 
tages which make them even more suitable for thermo- 
electric applications. The first is the independent adjust- 
ment of the phonon (k,,) or lattice wave component of 
the thermal conductivity, which can be done without 
affecting either the electronic component of the thermal 
conductivity (k,;) or the electrical resistivity, p, of the 
material. A second advantage is the presence of large 
Peltier coefficients at the junctions on n- and p-type 
semiconductors. The n-type semiconductors, in which the 
major charge carriers are electrons, exhibit negative See- 
beck coefficients or thermoelectric powers. On the other 
hand, p-type semiconductors exhibit positive Seebeck 
coefficients, their major charge carriers being positively 
charged “holes” vacated by electrons. The definition of 
the Peltier coefficient for a junction of dissimilar materials 
at an absolute temperature 7’ is 


x = (S, — S)T (5) 


Thus it becomes readily apparent that larger Peltier co- 
efficients can be obtained by using junctions of n- and 
p-type semiconductors. 

The most commonly used semiconductor material in 
thermoelectric refrigeration is bismuth telluride. Various 
doping materials are used to enhance its thermoelectric 
properties. The thermoelectric properties of this and 
other semiconductor materials are listed in the accom- 
panying table. 

Heat-Pumping Capacity of a Thermoelectric 
Couple. The heat pumping capacity of a thermoelectric 
couple is a function of 


(1) material properties 
(2) cold junction temperature 


(3) magnitude of the current flowing. 


To the first approximation, the heat pumping capacity 
of a couple, Q, is given by 


ee -3 PR — KAT (6) 


where R is the total electrical resistance of the couple, 
K is the total thermal conductance of the couple, and 
AT is the temperature difference across the couple. The 


ces 


Fig. 3— Heat pumping capacity of a thermoelectric couple. 
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Insulators Semiconductors 


Number of free electrons per cu cm 


Thermoelectric Properties of 
Semiconductor Materials* 


| Seebeck 
Thermo- coefficient, Resistivity, 
electric s Py 
material uv/deg K ohm-cm 


Thermal con- 
ductivity, k, 
watt /cm- 


AnSb +220 


(200 C) 


2.3 X 10° 
(200 C) 


InSb —130 
(500 C) 


4.3 <x 10 
(500 C) 


0.075 
(500 C) 


Bi-Te 
(gen. mat’l.) (n) —250 


(127 C) 


1.9 xX 16" 0.015 


(127 C) 


Big (Te, Se); (n) 210 
(100 C) 


1.05 xX 10° 
(100 C) 


0.016 
(100 C) 





(Bi, Sb):Te; (p) —195 


(25 C) 


9.0 x 10-4 
(25 C) 


0.0147 
(25 C) 


* “Thermoelectricity—State of the Art,” 


C. Colent, Electronic Industries, 
July 1959. 


Max | 
COP 


Q, - watts 


Coefficient of performance 


Heat rote, 


Current -——> 





) 


@ 


ee 


efficient of performance 


r 





40 
Temperature difference, deg F 
Fig. 4— Variations of maximum heat rate and maximum co- 


efficient of performance for various temperature differences and 
M values. 


fact that only half of the /*R losses appear at the cold 
junction and the other half at the hot junction has been 
proven before and will not be done here. The value of the 


Peltier coefficient, 7, used in Eq (6) is given by Eq (5). 

It is interesting to note that the heat-pumping capacity 
of a single thermoelectric couple varies with current as 
shown in Fig. 3. If the hot and cold junctions of a couple 
are maintained at two set temperatures with no current 
flowing, there will be a heat flow, —KAT, to the cold 
junction and the other half at the hot junction has been 
heat rate begins to overtake the thermal conduction rate 
and there is a net heat absorption at the cold junction. 
However, as the Peltier heat absorption increases linearly 
with current, the resistance losses are increasing as the 
square of the current. There is then a value of current 
at which the net heat pumped from the cold junction by 
the couple is a maximum. 

The coefficient of performance (COP) of the couple 
is the ratio of the heat pumped, Q,, to the input power 
required to pump Q,. As illustrated in Fig. 3, a point 
of maximum COP also occurs. Unfortunately, the point 
of maximum COP does not occur at the same magnitude 
of current as for maximum heat rate. The particular ap- 
plication often dictates that thermoelectric couples be 
operated at either maximum heat rate to use the minimum 
number of couples or at maximum COP to give the best 
operating efficiency. 

The heat pumping capacity of a couple, as shown in 
Fig. 3, is limited. Larger heat pumping capacities are 
obtained by using larger couples or by using N number 
of couples in parallel thermally. It is common practice 
to connect the couples of an N-couple thermoelectric 
cooler in series electrically in order to reduce current 
requirements of the unit. 


Practical Thermoelectric Cooling Devices 


change of heat between the device and am- 
bient air. 

2. A transistor cooler contains an inter- 
nal structure attached to the cold junctions 
of the thermoelectric elements upon which 
operating transistors are mounted. Another 
similar device, a beaker and cooler, contains 
a Peltier-cooled metal repository ior a boro- 
silicate glass beaker. Each of these coolers 
uses four thermoelectric elements, each 
element being metallurgically joined to an 
extruded aluminum structure which serves 
both as heat exchanger and current-carry- 
ing conductor. The chambers are energized 
by d-c power supplies of the conventional 


type. More detailed information on each of 
these devices is available (see “Thermo- 
electric Spot Cooling Applications” in Bib- 
liography). 

3. A 3 cu ft biological temperature 
chamber in which it is possible to achieve 
an internal temperature of from 32 to 200 
F in a room ambient of 90 F. Internal di- 
mensions are approximately 18 x 19 x 16 in. 
Forced-convection heat transfer is utilized 
both inside and outside the device. 
or heating is accomplished by the 
of d-c current through the 





The effects on heat-pumping capacity and coefficient 
of performance of material parameters and temperature 
differences across a thermoelectric couple are illustrated 
in Figs. 4 and 5. Lowering the cold junction temperatures 
will shift the curves of maximum Q, downward and shift 
the maximum COP curves downward and toward higher 
values of current. 

The value M in Figs. 4 and 5 is a dimensionless 
number. The relationship between M and Z is 


(7) 


where 7, the cold junction temperature, is in deg K. 
Two additional relationships which are useful in thermo- 
electric refrigeration are 


(8) 


= 2MT. (9) 


Simple System Design. Practical applications of the 
thermoelectric cooling phenomena include coolers, spot 
coolers, and constant temperature chambers. As an ex- 
ample of thermoelectric system design, let us consider 
the problem of maintaining the temperature, 7, of a 
small space in an ambient whose temperature, 7),, varies 
from below to above the desired temperature. 

Establishment of temperature differences within a 
physical system results in the transfer of heat. This 
transfer of heat occurs by conduction, convection, and 
radiation. Accordingly, it is useful to review the equa- 


Yerformance 


p 


oO 
oa 


of 
Qc - watts per couple 


coefficient 
Oo Oo 
™M w 


x 


Max heot rate , 


M 
Oo 


Temperature difference, deg F 


Fig. 5 — Same as Fig. 4 for a different type of couple. 


tions from which the heat transferred by such means 
can be determined. 
The amount of heat transferred by convection is 
given by: 
Qeu = h,AAT (10) 


where 
h, = convection coefficient between surface and fluid 
(air, water, etc.) 


assembly in one direction or the other. 

4. An infrared detector cooler in which 
a structure for mounting a detector cell is 
cooled below ambient temperature. A 2-in. 
cube contains the entire assembly, con- 
sisting of six thermoelectric elements, 
mounting structure, and free-convection hot- 
side exchanger. The device provides about 
a 20 C temperature reduction from an am- 
bient of about 25 C under a condition of a 
power dissipation of 0.3 watts at the 
mounting structure. (See “Thermoelectric 
Spot Cooling Devices” in Bibliography.) 

5. A bottle cooler/warmer in which a 
baby’s milk bottle is refrigerated and warm- 
ed according to a prearranged adjustable 
program. This device consists of a clock, 
a d-c power supply, and the thermoelectric 


assembly which houses the bottle. When 
the device is operating as a cooler, the het 
junctions of the thermoelectric assembly 
are in good thermal contact with a finned 
heat exchanger to which they reject heat 
while the cold junctions are in intimate 
contact with the bottle container. The cool- 





Fig. 6—Schemetic of a thermoelectric constant-temperature 
chamber. 


A = surface area in contact with fluid 

AT = temperature difference 
Conduction of heat is governed by Fourier’s law, which 
can be expressed as 


Oe = *., r (11) 


where 
k—=thermal conductivity of the material through 
which conduction takes place 
1 = length of conduction path 
A = area across which thermal conduction takes place 
Heat transfer by radiation is given by: 


Or = cAee(Tit — T2*) (12) 


where 
the Stefan-Boltzmann radiation constant 
1.713 X 10° Btu/ft?-hr(deg R)* 
{ = area of radiating surface 
€.€2 == emissivity factors of radiating surfaces 
T,,T.= absolute temperatures between which radia- 
tion occurs 
Although Eq (12) is suitable for describing radiant 
heat transfer, it is not convenient for computations when 
other means of heat transfer are present. A more con- 
venient radiant heat transfer expression is 


Or = hrpAAT (13) 


= equivalent radiation coefficient. 

The heat-transfer processes involved in the chamber 
are: convection and radiation between the inside air and 
inner walls, conduction through the thermal insulation 
between the inner and outer walls, and convection and 
radiation from the outside walls to the ambient air. 

The operating temperatures, the dimensions of the 
space, the conditions of operation, and any other re- 
quirements or descriptions comprise the specification. 
The specification requires that heat be added to or sub- 


where h 


tracted from the interior space as is necessary due to 
changes in ambient or possible internal load. Of these 
two, the cooling requirement is more difficult and its 
solution will be indicated here. 

From the inside dimensions, insulation thickness, and 
insulation conductivity, the required heat extraction rate 
can be calculated for the highest ambient temperature 
specified, using the equation for thermal conduction. 
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Assuming that the specification calls for operation of 
the thermoelectric system at maximum coefficient of per- 
formance, one may ascertain from Fig. 4 how many 
couples are required to provide the necessary heat pump- 
ing capacity. Input power required to obtain the neces- 
sary heat extraction rate can also be ascertained from 
Fig. 4. The results of these calculations serve as a first 
approximation of the thermoelectric system design. 

It is apparent that, to absorb heat from the air within 
the chamber, the inner surface of the thermoelectric 
system must operate at a temperature, 7, below the in- 
ternal ambient temperature, 7',’ (see Fig. 6). Assuming 
that this flow of heat is by free convection to vertical 
surfaces, one may estimate the area required in the cold 
side (inner) heat exchanger from Eq (10), using the 
approximation for laminar flow 


ae 
h 0.29 (*") 
where 


L = the length of the vertical surface in feet 
AT = temperature difference between surface and air 
in deg F 
h = convection coefficient in Btu /hr-ft?-deg F 

A corresponding temperature difference between the 
ambient and the heat exchanger for the hot junctions of 
the thermoelectric couples is required to dissipate the 
heat from the hot junctions. The area required in the 
heat exchanger is calculated in the same manner as 
for the cold-side heat exchanger. 

The final design of the thermoelectric unit will be 
different from the preliminary design in that any addi- 
tional heat leak through the thermoelectric assembly 
must be taken into account. Any space not occupied by 
thermoelectric material must be occupied by thermal in- 
sulation with its attendant heat leakage. The design pro- 
cedure is to calculate the internal heat leak from the 
geometry of the thermoelectric assembly and the Fourier 
conduction law and modify the design accordingly. 

As an example of a design, let us complete the specifi- 
cation of the space temperature control problem. The 
temperature of the air inside the space is to be main- 
tained at 45 F in an ambient ranging from 20 to 100 F. 
The size of the space to be controlled is a 2-in. cube. 
Assume that thermoelectric material whose M value is 
0.16 is available for this application and that the design 
shall be made for maximum economy of power input 
at the most adverse cooling condition. 

The problem is then to specify the dimensions and 
construction details of the container and heat exchangers 
as well as the thermoelectric design—i.e., number of 
couples and input power. 

Heat transfer between the heat exchangers of the 
thermoelectric assembly and air is assumed to be by free 
air convection only. Temperature rise of the inside air 
above cold junction is assumed to be 5 deg F. Allowing 
a 20 F temperature rise of the hot outside heat exchanger 
above the maximum ambient temperature of 100 F estab- 
lishes the hot junction temperature at 120 F. 

An estimate of the maximum heat leakage into the 
space is calculated, assuming the insulation in the walls 
of the container as being 1% in. thick and having a 
thermal conductivity of 0.2 Btu/hr-ft?-deg F/in. 

The area of the mean surface through the insulation is: 


A=nW+h(L+ (15) 
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where 
n== number of sides (6) 
W = width (2 in.) 
L = length (2 in.) 
t = insulation thickness (1% i 


Therefore, 
A = 6(2 + 1/2)(2 + 1/2) 


From Eq (11), the heat leakage through the walls of the 
box in a 100 F ambient is 


37.5 sq in. 


Oca = (0.2/0.5)(37.5/144)(100-45) 
5.73 Btu/hr 
Thus, as a first approximation, the net heat which must 
be removed by the thermoelectric system is 5.73 Btu/hr, 
or 1.68 watts. From Fig. 4, we find for thermoelectric 
material with an M value of 0.16 and cold and hot june- 
tion temperatures of 40 F and 120 F, respectively, that 
the coefficient of performance is 0.32 and the heat pump- 
ing capability is 0.9 watt per couple. 
It follows directly that: 


1. The number of couples required is 


Bos 1.68 watts 
~ 0.9 watts/couple 


2 couples 


N 


2. The input power is 


1.68 | 
ge" 


Pin = 


3. The heat rejected at the hot junctions is 
Qxz = 5.25 + 1.68 = 6.93 watts = 23.7 Btu/hr 
The hot-side heat exchanger can be designed using 
Eqs (10) and (14). The convection coefficient is first 
determined from Eq (14) using AT 20 deg F and 
L 0.25 ft. 


e i/4 

h = 0.29 (<5) - 0.87 Btu/hr-ft?-deg F 
Substituting this in Eq (10) and solving for the area, 

with Q = 23.7 Btu/hr, 

23.7 
= 087 x20 ~ 1-36 safe 

If the couples are split so as to have one leg on each 
of the four 3 x 3 external walls of the insulated con- 
tainer, then the finning factor required to obtain the 
necessary area for heat dissipation would be about 5.5. 
It should be pointed out here that the heat leakage 
through the insulation will be increased over the original 
estimate if the hot-side heat exchanger forms part or all 
of the external surfaces of the container. If such is the 
case, the temperature gradient across the insulation will 
be increased by the temperature rise of the fins above 
the ambient. A similar condition may exist regarding 
heat transfer to the cold junction. Thus, depending on 
the geometry of the heat exchangers, a reiterative calcu- 

lation may be involved to reach the final design. 
Comparison of Thermoelectric and Vapor-Cycle 
Systems. The thermoelectric cycle, as illustrated in Fig. 
1, is very similar to the ¥1puor system. The latter extracts 
energy at one temperature and rejects it at a higher 
temperature by means of a change in state of the re- 
frigerating medium. The refrigerant is expanded (ideally 
at constant enthalpy) and forced through a heat ex- 
changer (evaporator) where it picks up heat. After ab- 
sorbing heat in the evaporator, the expanded refrigerant 


JANUARY 1961 


is compressed mechanically. The heat picked up in the 
evaporation and the heat of compression are then re- 
moved by passing the gas through a condenser whence 
it passes on through the expansion valve. A reduction in 
temperature accompanies the expansion, while a rise in 
temperature occurs during compression. These changes 
in temperature bring about the flow of heat. 

The thermoelectric system extracts energy at one 
temperature and rejects it at a higher temperature by 
means of a change in charge-carrier electrical potential 
energy. The charge carriers (for example, electrons) 
suffer a rise in electrical potential energy as they flow 
from a p region to an n. region. The energy gained by 
the electrons is derived at the junction from the thermal 
energy of the p region. The electrons are then “pumped” 
to a higher potential energy by the battery. As the 
electrons flow from n to p they suffer a loss in electrical 
potential energy. The energy given up in crossing this 
junction appears at the junction as heat and is equal to 
the energy absorbed at the junction of p and n., and 
the electrical power required to “pump” the electrons 
from no to nj. 

Thermoelectric cooling fills a gap in the application of 
refrigeration in which it is impractical from the stand- 
point of economy, size and noise to use vapor compres- 
sion systems. Devices such as spot coolers, small-volume 
refrigerators, constant temperature chambers, or others 
requiring from a few Btu per hour to more than 100 
Btu per hour are ideal applications of thermoelectric 
refrigeration. 

The advantages of thermoelectric refrigeration—free- 
dom from moving parts, freedom from noise, freedom 
from maintenance problems, and the ability to apply 
refrigeration to heat-removal problems without limit to 
size—create many opportunities of application in the 
military, industrial and medical markets. As materials 
and manufacturing techniques improve, thermoelectric 
refrigeration will move into the field of consumer ap- 
pliances. OOO 
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essel and (eJamma functions 


“Bessel functions are beautiful functions in spite of their many applications,” said 
Sir George Cayley (1774-1857), who was — at heart — a “pure” mathematician. 
The applications which engineers have found for Bessel functions have multiplied since 
Sir George described all the essential principles of the modern aeroplane. One exam- 
ple is the design of finned heat-exchanger surfaces, which will be the subject of a series 
of articles to be published this year in ELECTRO-TECHNOLOGY. In this article, Author 
Kraus explains Bessel’s equation and the Bessel functions, recurrence relationships, the 
generalized form of Bessel’s equation, the gamma function, the solution to Bessel’s 
equation and the Bessel functions of the first and second kind, the modified Bessel 
functions, and the method for deducing recurrence relationships, or basic identities. 


ALLAN D. KRAUS, Senior Engineer 
Sperry Gyroscope COMPANY 

A Division of the Sperry Rand Corporation 
Great Neck, New York 


In 1817, the German astronomer Friedrich Wilhelm Bessel 
considered a problem in planetary motion. This led him to 
formulate a differential equation from whose solution arose 
the class of functions which bear his name. Although the 
functions are named in his honor, he was not the first to 
study them. In 1732, 85 years before the publication of 
Bessel’s initial paper on the subject, Bernoulli had expressed, 
in similar terms, the horizontal displacement of heavy 
chains. Euler, in his work concerning the displacement of 
points in a stretched membrane (1764), not only used these 
functions but also developed the properties of the gamma 


Bessel’s Equations and 


Consider the linear differential equation 


24204 mhy=0 (1) 
This differential equation with variable coefficients, known 
in the literature as Bessel’s Differential Equation, is said to 
be of the order n. This equation describes, for example, the 
propagation of an electromagnetic wave in the space be- 
tween two concentric, coaxial cylinders. Since it is a linear 
differential equation of the second order, it must have two 
linearly independent solutions. The standard form of its 
general solution is 


y = GJ,(z) + CrJ_.(z) (2a) 
if n is not an integer, or 
y = CJ(z) + CY n(z) (2b) 


if n is an integer. 

In the foregoing, C, and C, are arbitrary constants, J,,(x) 
is denoted the Bessel function of the first kind of order n 
and argument x and Y,(x) is called the Bessel function of 
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function which provides a generalization of the factorial and 
is a prerequisite to the evaluation of the Bessel functions. It 
remained, however, for Bessel, in his work between the years 
1817 and 1824, to develop the functions to their full potential. 

The wide range of application of the Bessel functions can 
be indicated by listing some of the fields in which they are 
indispensable: the study of heat flow in_ cylindrical 
bodies(1),* the propagation of an electromagnetic wave in 
a coaxial waveguide, the transverse oscillations of chains 
and cables, and the displacement of a point in a vibrating 
membrane. Indeed, these remarkable functions appear at 
the core of many problems in the physical sciences and ap- 
plied mathematics. A description of the types of equations 
for which they are solutions, a study of the functions them- 
selves, and some guidance as to their use are presented here. 


* Italic numerals in parentheses refer to Cited References at end of article. 


the Bessel Functions 


the second kind of argument x and order n. 
J,(x) and J_,,(x) are infinite series of the forms 


@ 


(- 1)™z2m+" 


Ju(z) = ee Qmtam'ir(m +n + 1) (a) 


m=0 
a3 4 (—])"" 

J—a(z) = 2 amamilGm —n+l1) = 
where ['(m + n+ 1) and '(m — n + 1) are the gamma 
functions of m -+- n + 1 and m — n + - 1, respectively. 

Y,,(x) is also an infinite series which may be written, in 
general terms, as 
¥a(z) = Adat2) f aoe, + BUaCe) (4a) 
a(x @) | T@F n(z ‘ 
Various forms for Y,(x) may be obtained, depending upon 
the values assigned to the constants A and B. One such form 
is 


Jn(z) cos nx ~ J-0(z) 
sin nr 


Y.(z) = (4b) 
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Known as Weber’s form, this is the most commonly used 
form which, of course, will hold as long as n is not an 
integer. If n is an integer, then Y,(x) is the limit of Eq 
(4b) since n approaches the value of this integer and hence 
Y,(x) may be expressed as a power series. (2) 

The equation 


+ = — (2? + n*)y = 0 (5a) 


closely resembles Bessel’s Equation [Eq (1)], differing only 
in the last term, which is negative. Equation (5a) is called 
the Modified Bessel Equation. It may be adjusted to yield 


ei +22 


+ (2? — n*)y = (5b) 

Equations (5a) and (5b) are alternative forms serving, 
for example, as descriptions for the temperature distribu- 
tion on the surface of a thin radial fin of rectangular profile 
which is attached to a heated cylinder. The formal solution 
of these equations (3) may be given as 


y = GJa(iz) + CrJ_n(iz) (6a) 


if n is not an integer, or as 


y = CJr(iz) + CY (iz) (6b) 
if n is an integer. 

The actual solutions to Eqs (5a) and (5b) are real func- 
tions; in other words, they do not contain the imaginary 
quantity i (i = \/ — 1). Accordingly, we define the modi- 
fied Bessel function of the first kind of order n and argu- 
ment x as 


Iz) = (J, iz) = LD wera ee ED 5 ™ 


n= 


zr 22—n 


I_(z) = (i) *J_.(iz) = = 2 am—amiT(m — n + 1) 


(7b) 


The second independent solution to the modified Bessel 
equation is the modified Bessel function of the second kind, 
of order n and argument x. This solution, denoted as K,(x), 
is similar in form to Y,,(x) and may be written as 


Bee 


K,(z) = ~ U-n(z) — In(2)] (8a) 


when n is not an integer. When n is an integer, K,(x) is the 


Fig. 1—Bessel functions of the first and second kind. 
»—> 


Fig. 2—Modified Bessel functions of the first and second kind. 


Value of indicated function 
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x 


28 32 36. 40 44 48 
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limit approached by Eq (8a) as n approaches the value of 


the integer 


The solution to Eq (5a) may therefore be written 


y = GI,(z) + CrT_.(2) (6c) 


if n is not an integer or 


Stas CiI,(z) + C2K,(x) (6d) 


o1_,(z) 


if n is an integer. 

The equations representing the Bessel functions as in- 
finite series (both ordinary and modified and for the first 
and second kind) all appear quite formidable and, for this 
reason, tables of these functions have been calculated. A 
partial listing of these tables may be found in the bibliog- 
raphy. (4, 5) The author, through the courtesy of the 
Remington Rand Univac Division (6) of the Sperry Rand 
Corporation has been fortunate in obtaining tabulated values 
of the zero and first-order functions of the first and second 
kind (both ordinary and modified) for very refined intervals 
of argument close to zero where the values of some of the 
functions become unbounded. Some of these tabulated 
values are presented here as Table I. 

Figures 1 and 2 are curves of some of the Bessel func- 
tions. Figure 1 portrays the Bessel function of the first and 
second kind of orders zero and unity. Figure 2 presents an 
identical picture for the modified functions of first and 
second kind. 


Recurrence Relationships 


The Bessel functions are related by many relationships. 
These are called recurrence relationships or basic identities. 
Several of these are given without proof in Table II. As we 
proceed, we will have occasion to derive a few of these 
recurrence relationships. It is well, however, to consider 
here a few examples of how these recurrence relationships 
are used. 


e Example 1: 
Given: 
J(2.0) = 0.2239 
J,(2.0) = 0.5767 


J€2.0) 


ig bindl adhe ball 

P| ttt | A 
fee | tt ee 
| os po 


Value of indicated function 


Of O68 12 16 260 24 28 32 36 40 
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Table 1— Bessel Functions 


NNN NN NNN N DH ee — ee 


NNNN ND | 


wWwwww ! NNN N LD 


|; WWwWwWw |] WWwww 


ecooco ,cococicoooccoo 





—12.7899 
- 6.4590 
— 4.3637 
— 3.3238 
— 2.7041 
— 2.2931 
— 2.0004 

1.7809 

1.6095 


ooo 


oo 


7 
5 
. 26 


1 
7 
0 
6 
3 


0 


1.0376 
0.9781 
0.9236 
0.8731 
— 0.8258 
— 0.7812 
- 0.7388 
0.6981 
0.6590 
0.6211 





0.3690 
0.3400 
0.3109 
0.2818 
0.2528 
0.2239 
0.1951 
0.1666 
0.1383 
0.1104 
0.0828 
0.0555 
0.0288 
0.0025 


— 0.0232 


— 0 0484 


— 0.0729 
0.0968 
0.1200 

— 0.1424 

- 0.1641 

— 0.1850 

— 0.2051 

— 0.2243 

— 0.2426 


- 0 2601 
— 0 2765 
0.2921 
0.3066 
0.3202 


0.3328 
0.3443 
- 0.3548 
0.3643 
0.3727 
0.3801 
0.3865 
0.3918 
0.3960 
0.3992 
0.4014 
- 0.4026 
0.4027 
0.4018 
0.4000 


0.3391 
0.3202 
0.3009 
0.2813 
0.2613 


0.2411 
0.2207 
0.2000 
0.1792 
0.1583 
0.1374 
0.1164 
0.0955 
0.0746 
0.0538 
0.0332 
0.0128 
0.0074 
— 0.0272 
— 0.0468 


|}ooooo 


5844 
5485 
5135 
4791 
.4454 


4123 
3797 
3476 


0.4033 


-0000 


.0006 
0025 
0056 
0100 


0157 
0226 
0309 
0404 
0513 
0635 
0771 
0920 
1084 
.1263 
1456 
1665 
1889 
2130 
2387 


2661 
. 2952 
.3262 
3590 
.3937 
4305 
4693 
5102 
5534 
5989 
6467 
6971 
. 7500 
8056 
8640 
1.9253 
1.9896 
2.0570 
2.1277 
2.2019 
2.2796 
2.3610 
2.4463 
2.5356 
2.6291 
2.7271 
2.8296 
2.9369 
3.0493 
3.1668 
3.2898 
3.4186 
3.5533 
3.6942 
3.8417 


3.9958 
4.1573 
4.3261 
4.5028 
4.6875 


4.8808 
5.0830 
5.2945 
5.5157 
5.7472 


5.9893 
6. 2426 
6.5076 
6.7848 
7.0748 
7.3782 
7.6956 
8.0277 
8.3751 
8.7386 
9.1189 
9.5169 
9.9333 
10.3690 
10.8249 


| 








I(x) 
0.0000 
0.0250 
0.0501 
0.0752 
0.1005 


0.1260 
0.1517 
0.1777 
0.2040 
0.2307 
0.2579 
0.2855 
0.3137 
0.3425 
0.3719 
0.4020 
0.4329 
0.4646 
0.4971 
0.5306 
0.5652 
0.6008 
0.6375 
0.6754 
0.7147 
0.7553 | 
0.7973 | 
0.8409 
0.8861 
0.9330 | 
| 


0.9817 
1.0322 
1.0848 
1.1395 
1.1963 
. 2555 
3172 
3814 
4482 
5180 


5906 
. 6664 
.7455 
8280 
9141 


0040 
0978 
1958 
2981 
4050 
5167 
6334 
7554 
. 8829 
.0161 


3.1554 
3.3011 
3.4533 
3.6126 
3.7792 
3.9534 
4.1356 
4.3262 
4.5256 
4.7343 
4.9525 
5.1810 
5.4200 
5.6701 
5.9319 


6.2058 
6.4926 
6.7927 
7.1069 
7.4357 
7.7800 
8.1404 
8.5177 
8.9128 
9.3264 





coooco 


Ko(x) 


1142 
4271 
0300 
.7527 


5415 
3725 
2327 
1145 
0129 


9244 
8466 
7775 
7159 
6605 


6106 
5653 
5242 
4867 
4524 


4210 
3922 
3656 
3411 
.3185 
. 2976 
2783 
2603 
. 2437 
2282 
2138 
2004 
1880 
1763 
1655 


coooco eooco) 


cooco 


1459 
1371 
1288 
.1211 


1071 
1008 
0948 
.0893 


oooco 


0791 
0745 
0702 
0662 
0623 
0588 
0554 
0522 
0493 


cooooco 


oooo 


So 


0465 
0438 
0413 
0390 
0368 
0.0347 
0.0328 
0.0310 
0.0292 
0.0276 
0.0261 
0.0246 
0.0232 
0.0220 
0.0207 


0.0196 


0.0185 
0.0175 
0.0165 
0.0156 
0.0148 
0.0140 
0.0132 
0.0125 
0.0118 


1554 


1139 


0840 


eats 


ow 
19.9097 
8538 
4775 
7760 


7470 
0560 
.5591 
1844 
8915 


6564 
4637 
3028 
1668 
0503 
9496 
8618 
7847 
7165 
6560 


6019 
5534 
5098 
4703 
4346 


4021 
3725 
3455 
3208 
2982 


2774 
2583 
2406 
0.2244 
0.2094 
0.1955 
1826 
1707 
1597 
1494 
1399 
1310 
.1227 
1151 
1079 
1012 
0950 
0892 
0837 
0786 





0739 
0694 
0653 
0614 
0577 


0.0543 
0.0511 
0 0481 
0.0453 
0.0426 


0402 
0378 
.0356 
0336 
0316 


0298 
0281 
0265 
0250 
0236 


0222 
0210 
0198 
0.0187 
0176 
0166 
0157 
0148 
0140 
0132 
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Solution: Refer to Table II and use relationship 6 with 
n= 3. (4) 


2n 
Jnui(z) ome J,(z) — Jn-1(2) 


2(3) 


z 


Jau(z) = Jz) — Jaa(z) 


Jz) = ©. Jz) — Jr) 
Now, with n = 2 andn = 1: 


Ida) = (aula) 1= Sino) 


a2 [2 JA) - 100 | ee ‘ 1) | 
= 4 ax 
6} 4 2 

: | JA(r) — 10a) | _ | J\(r) — 1 | 
Zz z = 


24 6 2 , 
, ~J(r) ——Ji(x) — — Ji(r) + Sox) 
r r z 


2 2) 142) | — <a) + Sela) 
x 4 


a8 (2) — 2p dz) — 2 Iz) + Jez) 
f f Ir 


! 8 8 | J\(r) 4 [ = | Jor) 
2 z m 


Now, with x == 2.0 and J,(x) and J,(x) as given, 


97 
J2.0) | “= atc 5767) + }! ~ zr | 0.2200 


(6 — 4) (0.5767) + (1 — 6) (0.2239) 
= 2(0.5767) + (—5) (0.2239) 


Table I1— Recurrence Relationships 


= 1.1534 — 1.1195 = 0.0339* 
e Example 2: 


Evaluate 


d2 
de [Js(z)] 


in terms of J,(x), J,(x) and J;(x). 
Solution: Refer to Table II and use relationship 5. 


f daz) = 4 [Jnae) — Jnn(2)] 
ar ~ 
First, with n = 

A [dile)) = 4 ala) — Jaa) 


Then, 


z 


df{d ) @ d fl 
7 14 (WG) = Gee WO) = Ge @) - sees} 


as $ [J2(x)] — 1s [Js(z)] 


2 Ix 
Again, with relationship 5 and with n = 2 and then n = 4, 


4 iy 4zy) =1 [(2) — Jule) 
dr 2 


d ] 
—_ (Ui(z)] = 3 [Jx(r) — Js(r)] 
Hence, 


#(da2)] “i (Ja) — Juz) =, <2) — satan} 
ar ee 7 ; 


XN 


=F ia) — Ee) - 1a) + Ie) 


* Jahnke-Emde gives 0.0340 as the value of J4(2.0). 


Oe ————————— 


£. Ga Jas (| ret J,(2) 
f E n J, «| 
d n 

[ ace) | Ja-1(r) Jz) 
dr = 
d 
dr [ aca) | 
- [ vac | . . E i(r) Justa) | 


Jnai(x) = = J,(r) . Jn-1(2) 


a7* Jas if2) 


" Tt) — Inglx) 
x 


Int) = I(t) = Snail) 
J,(z) = = [ Jane) tT Jn-it2) | 
f2-J(a)dz = Jule) + C 


f r-"Jni(z)dz = —2-"Jn(z) + C 


d 


rt 
dr 


Jaca) | = nJ(r) — tJngi(7) 

2 [ vac | = 8Y¥de) — 2¥ecks) 

»f [ cz) | = —nJdlt) + 232) 
dz 
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14 zr & [ vaca | = —nY,(r) + 2¥n-1(2) 


is < [ vc | . oY ino Yate) | 


16 = Yn(z) = Yau(z) + Yo-s(z) 


eo | <= [ vo | = —J,(2) 


+2 [ voce) ] = ~Y,(2) 
| dr 


19 fee%en@dz = —2*Y,(z) +C 


20 feYe@ae = 2*Y,(z) + C 


21 < [ 1) | = 
22 $ [ 1 | 


d 
23 , [ 1.0) | 


2n 


24 = T,(2) = [n-1(z) + Taui(z) 


Tnu(z) — ~ 1,(z) 
ae (2) + Inte) | 


" 12) + Ings(z) 
z 





25 £ [ toc) | = Iz) 


= [ Ku | « =2i 





‘ 4 [Juz) — Q(z) + Jz)] 


The Generalized Form of Bessel’s Equation 


Bessel functions have been found to be of such importance 
because they represent the solutions to many differential 
equations. Unfortunately, equations that have the Bessel 
functions as their solutions are often not recognizable. It is 
therefore desirable to be able to investigate a given linear 
differential equation with variable coefficients to determine 
if it is reducible to Bessel’s equation. 

Take, for example, the general differential equation 


af ot | + (ari +br')y =0 (j> k) (9) 


and attempt to reduce it to a form of Bessel’s equation 


dy _l dy. = a 
ets at (™-Z)r-e sii 


In order to accomplish this reduction, it is necessary to 
make the transformations 


z = u* 
} (11) 
y= uFy 


where a and §£ are arbitrary parameters yet to be deter- 
mined. 
It is obvious that 


— = qu=! 


d 


dr 
u 


dy dv 
—— = n8n8- ecw 
du +e du } 


Equations (12) can be utilized to yield 


dy dy du dv 1 
— Si on Lemegemme 
dx du dz E ‘+a du | aus! 


wo 2 wore en gt 4+ pours (13) 
Now the derivative (with respect to x) of Eq (13), to- 
gether with Eqs (11), can be substituted into Eq (9) to 
give, after simplification, 
_@y | apt+28-—a+1 do 
~ du? ' u du 


| tas aautite-ap—? +4. vine] » (14a) 
u 

Equation (14a) is in the same form as Bessel’s equation 

dy _ 1 dv n? a, 

da tu t+ e -2 |. , 

and it is seen that, for complete identity between Eq (14a) 


and Eq (14b), the following must occur with regard to 
Eq (14b): 


(14b) 


ld - 
1) The coefficient of - must equal unity, or 
udu 


op +28—-—a+1l=1 (15) 


2) The exponent of u in the second term within the 
brackets must be zero, or 


aj+2a-—-ap-—2=0 (16) 
3) The exponent of u in the third term within the brackets 
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must be —Z so that this term may be combined with the 
first term within the brackets 


ak —ap+2a—2 = -—2 (17) 


Equations (15), (16) and (17) permit the evaluation o1 
a, 8 and k. First, from Eq (16) 


9 


a= =———, 1 
et ey (18) 


Then, by substitution into Eq (15), 
_fl—p) 


1-p 
"eee - 


and finally, from Eq (17), 
=p—2 (20) 


If (and only if) k = p — 2,* then the original equation 
can be reduced to the form of Bessel’s equation where a 
and B are given by Eqs (18) and (19): 


d% 1 dp Bap + B — a) + a®%b oe 
da ta du ox + ae — |- GD 


It is obvious from Eq (21) that 
n? = B(ap + B — a) + a®bd 
or, inserting @ and B from Eqs (18) and (19), we obtain 
Vv (1 — p)? — 4b 
a Tr = 


= - 


— (22) 
oe gy. 


and finally 


wo=a /a (23) 


The general solution for v in Eq (14b) can now be written 
as 
v = CyJ,(wu) + CoS _.(wu) (24a) 
if n is not an integer, or 
v = C,J,(wu) + CrY,(wu) (24b) 


if n is an integer. 
Next, we obtain the solution of Eq (10) in terms of y 
and x. From Eqs (11), 


u z) la 
y = uby = zlay 


and hence 
y = 22 [CJ n(wr!*) + CJ _n(wr!!*)] (25a 
if n is not an integer, and 
y = 2 (CJ n(wr*) + CY, (wr'!)] 


if n is an integer and where a, f, n and o are given, respec- 


tively, by Eqs (18), (19), (22) and (23). 


(25b) 


e Example 3: 
Determine the general solution of 
dty 6\._ 
Get 3z a | y= 0 
Solution: Here 
p=0 
a : 
J=1 
First, does k = p — 2? 
kR=-2=p- 


* It is apparent that, if 6 = 0 in Eq (9), the condition that k = p—2 is irrelevant. 
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Therefore k does equal p — 2, and the equation is reducible 


to Bessel’s equation: 
9 9 


~ < 


2—p+j 2-0: 3 


L=—_ _ § Fa l 
2—-p+jy 2-0+1 3 


_ VQ — pP— 4b _ 


_ VQ - oF — 4(-6)_ V¥25_5 
2-—ptJ 7 


2-0+1 3 3 





The solution is (n is not an integer) : 


Pla (CJS n(wr!!@) + Cy n(we!!@)] 
ve zt! ) + CJ 613 ( 


V2 | Cin (- 


The Gamma Function 


Consider a particle of mass, m, which is moving in a 
straight line. Assuming this particle to be under the influence 
of some attractive force whose intensity varies inversely as 
the distance between the particle and some point, we shall 
define this distance by a length coordinate, z, and let the 
origin of the coordinate system be taken at the center of 
attraction. 

From Newton’s Second Law,* the following relationship 
may be set down: 

r~! 
Zz 
Mathematically speaking, with the insertion of a constant of 
proportionality, we may write 
dz —k 
F =ma=m- — 
: a 
where the negative sign indicates that the attractive force 
is in the direction of decreasing distance between the mass 
and center of attraction. 

We therefore have a differential equation 

dz —k 

aun Wl ane 26 

df? mz (26) 
which may be solved by resorting to the artifice of multiply- 
ing both sides of the equation by 2(dz/dt) so that 


2a) (ae) = -2 (ae) me 


Integrating with respect to ¢ and recognizing that 
d du 


ome = een 
aes 


S2(ac)(ae) # = Cary 


Hence, the integration of both sides of Eq (26a) yields 


(ai)'-- 


where C is some arbitrary constant. 

The boundary condition that the particle velocity is zero 
at some distance z, for example z,, leads to the evaluation 
of the arbitrary constant. 


(26a) 


we find 


~ tog. z+C 


k 
0 —2——log. s+C 


and hence 


(27) 


* The sum of all external forces on a mass will equal the mass times the accelera- 
tion of the mass. 
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Because the distance z is a decreasing function of time, we 
need only choose the negative root of Eq (27) and proceed 
to solve for t. Therefore, 


{ve -yin?]- 


—dz 


dt = ——————— 
V2 m oe. 2 % 
which may then be integrated to give 
1 


VG 


Consider the transformation 


log. = z 
“2 


and hence 
z= 7.¢79 
Using the transformation of Eq (28), one obtains 


z z 
—2,e*dzr Zo_ 


— = —— —1/2g-z 
wa V ok z1e-zdz 
m "5 


dz 


—=—-= —2,€ 


dz 
and 
dz = —2,e~*dz 


If we let T be the cumulative time required to reach the 
center of attraction where z = 0, we find that 


z @o 
7 jz / x71"e-zdy (29) 
“m Je 


The interesting integral in Eq (29) cannot be evaluated by 
simple means. The generalization of this integral, namely 


rn) = f ® yn-te-adz (30) 


is called the gamma function. Equation (30) is the defini- 
tion of the gamma function where n may be any positive 
number, not necessarily an integer. 

Let us assume that n is greater than, but not equal to, 
zero (n > 0) and determine ['(n -++ 1) by integration by 
parts. 


Tin +1) = [Creede 


dv = e~*dz 


o=-—e°? 


u =z" 


du = nz"™"dz 





Therefore + 


J udp = uv — fodu 


However, either limit will render the first term zero; the 
second term is obviously 


aD 
-nz*“e-*dr = nf xz” le-zdr n(n) 
9 


. 


Therefore, the fundamental relation 


rin + 1) = nI(n) (31) 
is established. 
We can evaluate the value of ['(1) from the definition of 


the gamma function [Eq (30)] as follows: 


r(1) f zr” e-zdr { : 


It is obvious that, 


r(2) = 1r(1) ] 
m3) = 2r(2) 2-1 
r(4) 3T(3) 3-2 
(5) = 4T(4) -3 


= ] 
(1) 
) 
) 


r 
r(2 
3 
the general relationship 

T(in+1)=rn! (32) 


can be deduced. This, of course, is a most important relation- 


) 


ship between the gamma function and the factorial n! (2, 7) 


Table Ill— Gamma Functions 


P(x T(x 
0000 5 0 8862 
9888 5 "8870 

8882 
8896 
8914 
8935 
8959 
8986 
9017 
9050 
9182 7 9086 
9131 7 9126 
9085 ] 9168 
9044 


9007 


9369 
9426 
9487 
9551 

9618 
9688 
9761 

9837 


9917 


The Taylor series expansion of a function, f(x), about a 


point, a b, is known to be (the primes denote derivatives) 


(z — bf) | @ — bP) | @ — BDF") 
l . 2  - 
(z b)nfr(b) 


n! 


f(r) f(b) 


In a strictly mathematical sense (and to make this expres 
sion completely symmetrical), the first term of the Taylor 
series expansion should be set down as 


$(0) 
0! 


which has no meaning in terms of the ordinary definition of 
the factorial. 


n! n(n 1)(n 2)(n — 3) --+- (3)@)Q) (33) 


On the other hand, we can define 0! through the use of 


the gamma function and specifically through the use of Eq 


99 


(32) with n 0): 


0! ro + 1) rd) ] 


The gamma function can be shown to be defined for non- 
integer values of the argument n. Indeed, it can be seen that 
there is no need to suggest integral values of the argument, 
n, and the gamma function may be written as 


I(z) = f° treat (34) 


where the variable, x, can, for the present, take on any value 
whatever. 

However, because it is definitely true that there is a 
connection between the gamma function and the ordinary 
factorial, one must be careful. Referring again to Eq (31) 
we may rewrite for any value of x 


Mr + 1) = 2T(z) 
from which it can be seen that 


rir + 1) 


x 


I(r) 


Therefore, as x approaches zero, the value of (x) becomes 
undefined. Furthermore, it is obvious that the gamma func- 


tion is undefined for x i. 2 3... . since 


PO) 


r(—1) (undefined) 


(undefined) 


(undefined) 


Summary 


The gamma function is defined for all values of the 
argument except zero and negative integers. Tables of 
gamma functions are available in many engineering hand- 
books and textbooks on engineering mathematics. (4, 5) 
However, because of the recurrence relationship, Eq (31), 
and the simplicity atiached to its use, the tables usually 
cover only the interval between 1 and 2. Such a tabulation 
is presented in Table III. 


e Example 4: 


Evaluate: 


Solution 


n(n) 

r(2.5 + 1) 

2.5F(2.5) 

(2.5)(1.5)T(1.5) 
= 3.75Fr(1.5) 
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From Table III locate T'(1.5) 0.8862: 


(3.5) 3.75(0.8862 


3.3133 


Solution to Bessel’s Equation and the Bessel 
Function of the First Kind 


Consider Bessel’s equation 


re d’y dy . ’ 
a ae er 
known as Bessel’s equation of the order n. 

To find the solution to Eq (1), the method of Frobenius* 
is used by assuming that the dependent variable, y, is in the 
form of a power series in the independent variable x. Let 
this representation be 


y rP(do + ayx + aor? + azz? + ---) (35) 
The first and second derivatives of y with respect to x are 
therefore 


9) 


px? (ao + air + aor? 4 + xP (a, 4+ 


d Vv 


= p(p L)r?-*(ay + aur + dor? 
dz 


+ px? (a, + Zar + 3a3z? 4 


+ pr?-"a, + Qasr +°3a3z? 
+ xP?(Qa, + 6basr + ---) 


The power series representation of y and its derivatives 
may be substituted into the original Eq (1). This substitu- 
tion causes the second derivative to be multiplied by x*, the 
first derivative to be multiplied by x, and the function itself 
to be multiplied by (x* — n*). If the substitutions are made 
carefully, the expression for the original differential equa- 
tion in terms of a power series in x will resolve itself into 
the following ordered array: 


gPri gpte zPers gPra 
P(p—1)a;| p(p—1)as) p(p— as) p(p— la, 
| p(p—l)ao) +2pa, +4pa. | +6pa; | + 8pa, 
| 1 Op, \ 119 
| <2 6a3 t 12a, 


| — 


pao t- 2 


| pa,+a, | paz+2a2 | pas+3a;3 | pay+4a, 
| 


The coefficients of each power of x may then be deter- 
mined from our array as 


0 = [p(p — 1) + p — Nn?) aor? 
+ [p(p — 1) + 3p + 1 — n?)] aur?! 
+ {[p(p — 1) +5p+4 
+ {[p(p — 1) + 7p4+9 
7” {[p(p -1)¢4 9p + 16 n?] ay, + a,} rPt4 


+. 


Equation (25) will be true, if, and only if, the coefficient 
of each power of x is equal to zero. Take the coefficient of 
the x? term: 


n?] a2 + do} r?* 
n?] as + a,} gprs 


(36) 


[p(p — 1) +p —nJa =0 


*A method of obtaining series solutions, named for the German mathematician 
F. G. Frobenius (1849-1917). 
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Assuming a, 0, we find that 


pP(p-l+p-—-n= 
or 
pP?—p+p 
from which 
Pp 
-+-n. Then the coefficient of the x?*! term 
may be found to be 


First, let p 


[p(p — 1) + 3p+1—-—n’]aq =0 

[Infn — 1) + 3n +1 — n?] aq, = 0 
[n? —-n+3n+1— nn?) q, 

(1 + 2n) a, = 0 

a, = 0 


Next, determine the coefficient of the x?*? 
with p tn. 


term, again 


[p(p — 1) + 5p + 4 — nn’) az + a 
[n(n 1) , 5n oh 4— n?] a, + a = 
[n?@ —~n +5n + 4 — n?] a2 + & = 
(4n + 4) az + a 
— do — apo 
a. = = 


4n+4 4(n + 1) 
Similarly, the coefficients of the x?*° and the x’** terms 
may be used to determine that 
a; = 0 


and 


— a2 ~~ @e 


“~~ Bn +16 4n+4) 


This suggests the general recurrence relationship for the 
coefficients, namely: 
— Ap—2 


kn +b) (37) 


ay 


which shows that every coefficient, a, is proportional to the 
second coefficient preceding it, a... Since it has been proved 
that a, is equal to zero, it is seen that every coefficient with 
an odd subscript must disappear. This is true even in the 
specific case for n == —, since the generality is not altered 
if a, is still assumed to be equal to zero. 

The coefficients can now be determined in any quantity by 
use of the recurrence relationship of Eq (37), by selecting 
the first coefficient and determining all of the others in terms 
of this first one. Let a, == a,. Then, 


— — Ap —do 


92n +2) 40+) 2-1!(n+1) 


ae — 2 ao 


M2n+4) 8nm4+2) 8-2-1l!im4+2)}n4F)D 


ado 


2!-2!(n + 2)(n + 1) 


— a, — a — dp 
ag = — — 


6(2n +6) 12n+3) 2-3!nM4+3)\n4+2)n4+ Dl 
It is therefore obvious that 


caries ee 
ak ~ 98(k/2)!(n +k/D-- N+Dn+F+ dD 


or, if k = 2m, 


- (—1)"ao 

2™mi(n +m)---nt+ 2)(n + 1) 
with m = 1, 2 

Both the numerator and denominator of Eq (38) are 
multiplied by 2" for a purpose that will become quite 
obvious presently. This multiplication results in the follow- 
ing: 


(38) 


dom 


i 
22" 27m! (n + m) +--+ (n+ 2)(n + 1) 


In addition, the factors (n 4 


(39) 


om 
1) eee 


m) * (n'+ m 
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(n + 3) + (n + 2) » (n + 1) suggest a factorial, if the 
numerator and denominator of Eq (39) were to be multi- 
plied by n!. However, n is not necessarily an integer, and 
therefore the generalization of n!, namely the gamma func- 
tion, is used. The numerator and denominator are therefore 
multiplied by [(n +- 1) to give 
et (-)D"™2Tn+)a | (40) 
22=**m!(n + m)-+-(n+2)n4+ Dr(n+ 1) 
Because the gamma function has the recurrence relation- 
ship given in Eq (31) 


Qon = = 


Tin + 1) = n(n) 
Eq (40) becomes 
(—1)"2"T(n + Dao 


Q2m+n m ! (m+ n+ 1) 


2m 


from which we can select 


2"*T(n + 1) 
a relationship that is quite arbitrary, but which need cause 
us no concern since we will eventually be seeking particular 
solutions of Bessel’s equation. 

Using these equations, we can finally establish the value 
of Aom, as 


[5 


~ 2mtamIN(n +m + 1) 


(41) 


Thus, one solution to the differential equation is 


y =z” os im a — — i see 
7" | P+)” 2*P(n + 2) * "En + 4) 


or 


a a (—1)™z2"** i: a 
7 LL aa m!T(n+m+1) Jn(z) (3a) 


a function already defined as the Bessel function of the 
first kind of the order n. 

If the function J,,(x) defined by Eq (3a) is convergent for 
all values of x, it is indeed a unique solution for Bessel’s 
equation. To determine this region of convergence, we use 
the Cauchy Ratio Test* by taking the ratio of the (m +- 1)th 
term to the mth term. Hence 


secant he gee rien 
m+1]_ 2**#(m + 1)!P(n+m + 2) 
m (=— a 





Q2m+n m | r(n +m-+ 1) 


R = na 


2min+m4+)) 


In the limit, as m approaches infinity, R approaches zero 
and the infinite series of Eq (3a) is convergent for all values 
of x. 


The Bessel Function of the Second Kind 


Equation (1) is a second-order differential equation with 
two independent solutions. Seeking the second solution 
[J,,(x) being one solution], we can reasonably assume that 
p == —n and attempt to determine whether J_,,(x) is the 
second solution. Substituting p == —n into Eq (3a), we find 
that the series expansion for the Bessel function of the first 
kind becomes 


4 : (—1)" fern. 
J-Az) = Lm ™m!Mm—n+) 


m 


* A test to determine whether the ratio of the nth to the (n—1l)th term does 
or does not equal one. If it equals one, the test fails. Named for the mathema- 
tician Augustin Cauchy (1789-1857). 
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which is, of course, Eq (3b). This clearly shows that J_, (x) 
is a solution to the differential equation, if n is not an integer. 
If n is an integer, [(m — n + 1) is undefined and Eq (3b) 
does not represent the second solution. Moreover, since 
J_,(x) is seen to contain some negative powers of x, whereas 
J,(x) does not, it is obvious that J_, (x) and J,(x) cannot be 
proportional. Therefore, as long as n is not an integer, the 
solution to Eq (1) will be 


y _ CJ (2) T CiJ n(x) 


which is, of course, Eq (2a), where, as stated previously, 
C, and C, are arbitrary constants. 

If, however, n is an integer, we must establish a second 
independent solution by assuming that 


y =f@ Iz) = yz) 


and then determining the value of f(x). 
We begin by differentiating y(x) twice, denoting deriva- 
tives by primes 


yz) = f(x) In’) + f@In@ 


and 


¥"@) = f@) In (@) + 2f'@) In) + f"@) In) 


These derivatives and the function itself are substituted 
into the original Eq (1): 


2 [f(x)J n(x) + 2f'(x)Ja'(z) + f(z) n(2)] 
+ 2 [f(z)Jn'(z) + f(z) Jn(z)] 
+ (2? — n?) [f(z)J,(z)] = 0 


This may be rearranged to obtain 


(27 n(z)) f(r) + [22°Jn'(z) + 2Jn(x)1 f(x) 
+ [2°Jn(z) + 2 Jn'(z) + (2? — n*)Jr(@) If) = 0 (42) 


The coefficient of the term f(x) reduces to zero because 
J,(x) is itself a solution of Bessel’s equation of the order 
n. In other words, if J,,(x) is one solution of the equation 


d’y dy 


Poa ttget (2? — n*)y = 0 


then 
zJ,''(z) 7 rd ,'(z) + Cx = nr) J n(x) = 0 


We are, therefore, left with only the first two terms of 
Eq (42), namely: 


[2Jn(z)] f(x) + [22°Jn'(2) + tJ) f'@),= 9 (43) 


which can be solved by first separating the variables and 
then integrating. 
Equation (43) may be rewritten to obtain 


Jaz) 41 f(e)] + [22*In'(a) + 2IAa se) = 0 


and the variables may be separated to yield 
df’(x) kes PS. |« me 
f'@) J,(2) 
Thus, by integration, we find that 
log. f(z) + 2log.J,(z) + log.er = log,.A 
where A is some arbitrary constant. Therefore, 


{ 


f@) = rd.) 


dr 
fie) = A faye + B 


where B is another arbitrary constant. 
The value of our second independent solution can now 
be determined as 


y(z) = f(z) Jn) 
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y = Ada) f sopra + BUale) 


which is, of course, Eq (4a). Referring to the original ex- 
pansion for J,,(x), as given by Eq (3a), we take note of the 
leading term. If m = 0, this leading term contains x" which, 
when squared and multiplied by x, yields x2"+1, The de- 
nominator of the integrand in Eq (4a) therefore contains 
x°"+1 which, when integrated, yields (—1/2n) x2", or log, x, 
dependent upon the value of n; i.e., whether n does or does 
not equal zero. In either case, at x = 0, the leading term of 
Eq (4a) is infinite. Thus it is obvious that the second in- 
dependent solution, as established by Eq (4a), is not pro- 
portional to, and is independent of, the first. This (second 
independent) solution is denoted, as stated previously, as the 
Bessel function of the second kind. 


The Modified Bessel Functions of 
First and Second Kind 


Throughout the development of the Bessel functions of 
the first and second kind, we have considered the solution 
to Eq (1). We have seen that Bessel’s equation may take 
the form 


, dy dy 
git oi (72 + 2) y = 0 

dx? dr (e+ nD: , 
which is, of course, Eq (5a). If we recognizé that i = \/-1 


we can adjust Eq (5a) to yield 


Pr ey dy 
"Ee T*e 


+ (P27? — n*2)y = 0 


which is, of course, Eq (5b). 


solutions 


This equation must have as 


y = CJ, (ir) + C.J _,C(iz) 

if n is not an integer, and 
y = CJ Ciz) + CY, Cir) 
if n is an integer. 

It is obvious that J,(ix) is a function of an imaginary 
variable and is certainly not equal to J,(x), a function of a 
real variable. The solution to Eq (5b) is not the same as the 
solution to Eq (1); a representation for J,(ix) must be 
found to make it a function of the real variable x. For this 
purpose, the infinite series representing J,,(x), as given by 
Eq (3a), is written in terms of the imaginary variable ix. 


2 > (—1)™(iz)?™* 

> a >m!T(n +m +1) 
= > yr eee i 
_- _- m!Tl(n+m-4+1) 


i 7 


J2m+n tn ‘ 
aa m!Tn+m-+1) 


J,(ir) 


m= 


piminy2m tn 


Since m can take on integral values only and merely in- 
dicates a particular term in the series expansion, i*” must 
always equal unity. Furthermore, i* can be removed from 


——-=e Recurrence 


To show the facility of working with the series representa- 
tions of the Bessel functions, we shall demonstrate how to 
derive the first eight of the recurrence relationships, or basic 
identities, presented in Table II. 


1. Considering Eq (3a), we can write the infinite series 
tor 2.f x) 
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within the summation; thus 


@ 


: ? gimtn 
Ja(iz) = "QL atm Tn $m +1) 
Making a small algebraic adjustment, we obtain a series 
expansion for the modified Bessel function of the first kind 
of order n, 1,,(x) 


rm" +n 
rin+m+) 


which is, of course, Eq (7a). Recognizing J,(ix) to be a 
solution of Eq (5b), and seeking only particular solutions 
to Bessel’s equation, we know that a solution multiplied by 
a constant is still a solution. The solution to Equation (5b) 
may therefore also be written as 


y = CI,(z) + Crl-n(z) 


when n is not an integer. If n is an integer, we consider that 
Eq (3b) shows J_,(x) to be undefined and that the de- 
nominators of the first n terms of the series expansion are 
infinite. Strictly speaking, then, these terms are not present 
and, therefore, the expansion for J_,,(x) really begins at the 
point where m = n. Hence 


(i) "J, (iz) = I(x) = =e aint mtn m | 


(- 1)™z2™—-* 
J_(xz) = oms 1 Zam—— m ™m! Tim —n+1) 
If we let h = 


which is, of course, Eq (7b). 


m = h + n, so that 


m — n, then 


@ 


( -_ ])Atnz2tn)—n 


J) = 2) pam Fn) PR oa FD) 





(— as 


Jaa) = (—I" 2) sain Fn FD) 
Jun(z) = (—1)*Jn(z) (44) 


Equation (44) is further proof that, if n is an integer, 
the second solution to Eq (1) is proportional to the first. 
Furthermore, if n is an integer, then 


J_(iz) = (—1)"J,(iz) 

i-*J_n(iz) = (—1)* [tJ n(iz)] 
i [iJ _,(iz)] = (—1)* [iJ (iz)] 
w" J_4(z) = (—1)"/,(2) 

I_(z) = I,(z) (45) 
so that a second independent solution must now be found 
for Eq (5b). 

The second solution to Eq (5b) is deduced from /,,(x) in 
the same manner as Y,,(x) was deduced from J,,(x). Again, 
one assumes a relationship of the form 


¥y = f@)In@) = y@) 


and establishes 


ye) = Als) f pease + Bla) (46) 


where A and B are again arbitrary constants. Equation 
(46) defines the modified Bessel function of the second kind 
of order n, which, as stated previously, is usually denoted in 
the literature as K,,(x). 


Relationships 


jail een 
Jnu(z) = Za art m! rin +m ake g 
which we can multiply by x"*! to obtain 


@ 


xt J ai(z) = ee 


m=0 


(-— 1) mz2m+in+2 
Q2m+n+1 m1 T(n + m + 2) 


(Continued on page 84) 
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HJ, (2) = . (— 1)" ees? —nz*J,(r) + 2*J',(2) t*Jnai(z) (53) 


Q2mtatim! Mn +m -4 . ce asa , 
m= 0 ( If all terms of Eq (51) are multiplied by x”, we obtain 


The derivative of x"*'J,,,(x) will be 


d | oat ‘| —~  (—1)"2(m +n + D) ements : 
‘dz |= Josie) | 2 22m+n Im !(m +n + Drin tm 4 d 


m 0 


- (—1)™ gti zimtn 
2etem!T(n +m + 1) 
U 


m 


nzJ,(z) + J’,(z) = Jnai(z) 


dr 


(Jn(z)] = J’n(x) * Jn(z) Jnl) (54) 


5. A useful recurrence relationship is obtained by adding 
0 st a cA). 
ian = (— 1)" rm * Eq (oz) and (54) ° 
22mtam!T(n +m + 1) 
m 0 


2J'A2) = Snn(2z) — oe Se(z) +e Jz) — Jasa(z) 
and finally, x x 


d 


dx 


[z**1 Jn 41(z)] _ xt (x) (47) d 1 
; 1 [Jn(z)] = J’n(z) = S12) — Jnyi(z)] (55) 

2. We can also establish the derivative of z-"J,(z) using — - 
Eq (3a): a7 os . i 
: E 6, 7, and 8. Finally, if we subtract Eq (54) from Eq 


( =<)" ae"** (52) we bt< 
JAz) = cecpeset : 02), obtain 
@) Liman m!In+m-+ 1) 


: J'.(2) — J’ (2) = 0 = Jna(z) — J(z) — | ile = Jato | 
as a starting point to obtain x z 


re = bs Tas Iin+m+)1) 


m=0 


or 


2n 
9 = Jn-(z) T Jaax(z) = ne J,(r) 
The derivative will be a: : ; 
Ihe following recurrence relationships result: 
(—1)” 2mz*""1 


d si = 2n 

t= Je = Qu 3a m!t(m+n+ 1) Joule) Sha) — Jo-at2) 
The series summation now begins with m = ] rather than Jn (2) + 2n 5 (2) oi i 
m = 0 since, if m 0, the first term of Eq (48) is a con- r 
stant which differentiates to zero. If we let h == m — 1 or 
m = h +- 1, we obtain 


= [Jnai(z) T Fa i(z)] 


£5 e- a eee... 
‘el = my Le pas DG + 1+ n +1) 
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Editor's Note 
MopERN) NETWORK  SYNTHESIS—sometimes also 
called insertion-loss theory or exact network de- 
sign—is a theory developed in the past two or 
three decades for the purpose of obtaining optimum 
results and exact solutions. Dr. Louis Weinberg 
is well-known to the readers of ELecTRo-TECH- 
NOLOGY, who will remember his articles, “Network 
Analysis” (January 1960) and “Designing Passive 
and Tunnel-Diode Networks” (August and Sep- 
tember 1960). As head of the Communications and 
Networks Research Section of the Hughes Re- 
search Laboratories, Dr. Weinberg is thoroughly 
familiar with the problem of synthesizing optimum 
networks. 

The synthesis procedure is always based upon 
an ingenious but simple idea derived from a knowl- 
edge of analysis which, in turn, clarifies the prop- 
erties of networks. Thus, the engineer who is fa- 
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miliar with the realization of networks will find 
the basic idea of the synthesis procedure simple. 

Whereas, in the analysis of networks, a physical 
network and an input are always given and a 
mathematical function (e.g., a current, voltage, or 
impedance) is to be found—and a unique solution, 
therefore, always exists—in synthesis, the converse 
situation prevails. 

\ rational function of a complex frequency va- 
riable, or a set of such rational functions, is given 
as a specification of the network sought which must 
be characterized by the given functions. It is quite 
possible that a given function cannot be repre- 
sented by a physical network—in other words, the 
given function may not be realizable. On the other 
hand, if a solution does exist, it is rarely a unique 
solution, and the synthesist is thus free to choose 
an optimum network from the large variety of 


equivalent designs. -A.M.H. 
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[HE FIELD OF NETWORK THEORY may be divided into two 
branches: network analysis and network synthesis. In a 
previously published article, some aspects of network 
analysis were discussed (/)*; in this article we are con- 
cerned with network synthesis.+ 
Synthesis may be subdivided, for example, into active- 
parentheses refer to Cited References at end of article 
per are taken from the author’s book on network analysis 


published by McGraw-Hill Book Company These parts 


permissior f the wuthor 


Characteristies of 


Since its conception by Zobel, the image-parameter 
theory of filter design has achieved wide application be- 
cause it is fairly straightforward and simple. 

The so-called insertion-loss theory—also called “modern 
network synthesis,” or “exact network design’—has been 
developed in the past two or three decades. Although it 
is more general. flexible, and sophisticated than the image- 
parameter theory, its adoption by engineers, who could 
profit greatly from its use, has been neglected. Not only 
is synthesis capable of giving optimum results and exact 
solutions, but solutions to many network problems—for 
example, those with very close tolerances—are obtainable 
only by the procedures of network synthesis. 

To distinguish clearly the synthesis from the image- 
parameter theory and also from analysis, the following 
major differences are pointed out: 


|. In analysis problems, a physical network and an input are 
given and a mathematical function (e.g., a current, voltage, o1 
in impedance) is sought. A unique solution always exists. Con- 
versely, in a synthesis problem, a rational function of a com 
plex frequency variable, or a set of these rational functions 
is given, and a network characterized by the given functions is 
sought. A solution may not exist: in other words, the given 
function may be one that cannot be represented by a physical 
network, is not physically realizable, or, more briefly, is not 
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network synthesis and passive-network synthesis (2), or. 
alternatively, into frequency-domain synthesis and time- 
domain synthesis. In both of these domains there is a 
so-called approximation problem; in the former, a rational 
function of frequency is given or is obtained by approxt- 
mation of given frequency functions or curves; whereas 
in the latter, although the final function synthesized is 
again a rational function of frequency, the given function 
iS approximated in the time domain. (3) 

The frequency-domain synthesis of lumped- 
constant networks is the main concern of this article. It 
is Obviously impossible to present a detailed analysis. of 
the various aspects of the subject in one article; fortunate- 
ly, however, many of the techniques presented, simple as 
they are, are powerful enough for the design of optimum 
networks. The reader interested in pursuing the subject 
further will find the Cited References at the end of this 
article a guide to the literature. (4-//) 


passive 


Network Synthesis 


realizable. A function that is realizable generally does not 
have a unique, but an infinite number of solutions, from which 
the synthesist may choose the most practical. 


+ 


2. The first step in synthesis is a check (often by inspection) 
to determine whether the given function satisfies the necessary 
and sufficient conditions for physical realizability; in other 
words, the synthesist seeks to determine whether there are 
conditions guaranteeing that a network representation of the 
function can be devised. Often a restricted form of realizability 
(for example, a particular network configuration or a network 
containing only two types of elements) is sought. These restric- 
tions on the network place corresponding restrictions on the 
function used to describe it 


3. Synthesis must not be confused with the commonly used 
procedure of assuming a network configuration and approxi- 
mate element values, and an empirical adjustment of values 
to meet requirements. Whenever the element-value variations 
prove unsuccessful, the designer may change the configuration, 
after which time-consuming trials must be repeated. Such a 
procedure is a form of repeated analysis, but in no sense can 
it be called synthesis. There is no indication when to stop 
tinkering or when an optimum solution has been found, and the 
designer must forever be plagued by the doubt whether an- 
other trial might not have resulted in a better design with a 
marked increase in performance: in short, this procedure does 
not indicate the predicted performance capability of the net- 
work for a given complexity 
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In synthesis, on the contrary, precise information about the 
theoretical limitations of networks capable of meeting the 
specifications is often obtained. There is generally no trial and 
error, The procedures are usually carried out step by step, 
each step reducing the complexity of the given function. No 
assumption is made about the repetition in cascade of basic 
lossless sections; both the network configuration and the ele- 
ment values are given by the procedure. 


4. In some synthesis applications the specifications may not 
be given analytically as a rational function but may be pre- 
sented in graphical form. The given curve must be approxi- 


mated by an appropriate rational function with the necessary 
and sufficient properties of the desired network. To determine 
such a rational function is an approximation problem. How- 
ever, after the rational function has been determined, there 
is no further approximation and the realization of the rational 
function by a network is exact. 

Synthesis may thus be divided into two main parts: 
the approximation problem and the realization problem. 
Solution of the former problem is not required when the 
network specification is given as a realizable rational 
function. 


Equations for Terminated Networks 


A network of practical importance is shown in Fig. 1: 
it contains a quadripole, N, terminated in a load resistance, 
R,. Two convenient sets of equations for describing this 
network are the open-circuit impedance equations 


+ 201 (la) 
Zool (1b) 


(2a) 
(2b) 


From these equations we may derive the transfer functions 
for this terminated network. (/) 

For the output terminals open-circuited—i.e., R, > 
and hence / Q—the transfer voltage ratio may be 
obtained by dividing Eq (1b) by Eq (la): 


EB 221 
k Zu 


The dual relation—namely, the transfer-current ratio for a 
short-circuited output (i.e., for R, 0 and hence E,, = 0) 
—is obtained similarly by dividing Eq. (2b) by Eq (2a): 


(4) 


For R,, finite and non-zero, the transfer impedance and 
admittance may be obtained by applying Thévenin’s theo- 
rem and Norton’s theorem, respectively, at the output 
terminals: 


Gyo 


KE, Ryz0 } 
I, Rr + 209 . oe Gr + Yoo 


Z1 (5) 
where the conductance G, 1/R,, and means “equal 
by definition.” For R, normalized to one ohm: 


n= 745 . en (6) 


From Eq (5), the transfer-voltage ratio for the network 
with a finite, non-zero load is 
E, V9 

I ; — 7 

, BE Gy, T ¥22 ( ) 
since E I,/G,. 

The driving-point impedance and admittance at the 

input terminals are obtained from Eqs (1) by substitution 
of E. R,I.: 


Fig. !—Quadripole terminated in a load resistance. 
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Ey, _|z|+ mR 
I, Rr+in 


which, for R, 


Zi = 


: 1, gives 


¥y = 2 (9) 
T ya 


In the above, 'z! == 2,;Z;2 — Zj2Z2,, the determinant of 
[z], whereas |y| is the determinant of the [y]. 

Another network of practical importance is one with 
resistance terminations at both input and output, as shown 
in Fig. 2. If we restrict the coupling network N to be 
lossless, we can derive a reflection coefficient p and a 
transmission coefficient 7. Since, at real frequencies, all 
the power entering the network is dissipated in the load, 


| E>! 


T,\?R, — 7 


(10) 
where we have used the input impedance Z, (jw) = 
jX,. Making use of 7, = E,/(R, + Z,), we have 


Ei |?R._ 
R,+4/? 


R, + 


I, 2k, = 


From Eqs (10) and (11) we then obtain 


E>|?/R, _ — 4RiRy | a2) 
E,|?/4R,  |R,+ Zl? - 
The available power of the source (the maximum power 
it can deliver) is given by the denominator of the left- 
hand side of Eq (12). Since the numerator represents 
the power delivered to the load, the total quantity can 
be defined as the square of the absolute value of a trans- 
mission coefficient ¢ for s == jw. The right-hand side of 
the equation may be written as 


|R. — Zz, \* 


ae R,+% 


where the function whose magnitude is squared is clearly 
the reflection coefficient at the input terminals of the net- 
work. We therefore define the reflection coefficient 


_R,-% : 
p = R, +2, (13) 


and Eq (12) becomes 


1? = 1 — |p|? (14) 


The last equation is equivalent to the statement that the 
power transmitted through the network plus the reflected 


Fig. 2—Lossless network terminated in resistance at both ends. 
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power at the input terminals equals the total power inci- 
dent upon the input to the network. 

These equations and the concepts of reflection and 
transmission coefficients will be used later. 


Description of Network Configurations 
and Network Types 


Design specifications may describe the characteristics 
of a desired network in a variety of ways. Each type of 
network places corresponding restrictions on the func- 
tions used to characterize it. Some possible network classi- 
fications follow: 


|. Number of Accessible Terminals or Terminal Pairs. The 
network to be designed may be one with ports or with terminals 
considered separately. (/) 

2. Types of Elements. The simplest network contains one 
type of element—e.g., a resistance attenuation pad. Networks 
with only two types of elements, called two-element kind net- 
works, are of great practical importance—e.g., for lossless filter 
and many impedance-transforming networks; for the sake of 
brevity, a network is often described by the symbols of its 
elements—e.g., a lossless network is called an LC network 
Another two-element kind network of importance is the RC 
network, which is finding ever-growing application in control 
circuits. The RLC network is the most general type. In all 
networks containing inductance, an additional specification may 
require that no mutual inductance be present; or real trans- 
formers may be allowed but no ideal transformers; or, finally, 
in procedures of mainly theoretical interest, ideal transformers 
may be permitted. When it is necessary to distinguish between 
RLC networks that do and do not contain real transformers, 


Physically symmetrical network formed by connection 
identical networks. 
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Fig. 4—Network with resistance termination at both ends. 
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we will use the letter M; thus, a general network with trans- 
formers can be designated as an RLCM network. 

3. Types of Terminations. A particular type of output termi- 
nation may be required. The device to be controlled at the 
output of the network may be a pure resistance so that a 
resistance termination is specified, or a shunt capacitance may 
be required when the network output is fed to the grid of a 
tube with its associated input capacitance. At the input, some 
designs may also call for a resistance termination to provide 
for the finite non-zero source impedance. 

The specification of a termination may further restrict the 
necessary and sufficient conditions for realizability of a given 
function; that is, not only the general realizability conditions, 
but additional conditions must be satisfied. For example, a 
realizable transfer function must have no poles in the right 
half of the complex plane; however, to be realizable as a 
quadripole with a resistance termination, it must in addition 
have no poles on the imaginary axis. 

4. Network Configurations. Often a grounded terminal com- 
mon to the input and output of a quadripole is a necessity: 
in the literature, such a network has been variously called a 
grounded network or quadripole, a three-terminal network, 
and (loosely) an unbalanced network. A common grounded 
network is the ladder. In other cases, practical considerations, 
such as a push-pull source, may dictate that the network to 
be realized be a balanced one—i.e., symmetrical with respect 
to a center line considered as a ground potential. The Jattice 
is such a balanced network. 

5. Functions Specifying the Network. What is desired may 
be a grounded quadripole for which only the transfer char 
acteristic is specified. Or a more difficult problem may be 
posed by an additional requirement on the input characteristic 
of the network: for example. a constant-resistance input may 
be specified for a network that realizes a given transfer rela 
tion. (The term “constant-resistance input” will be precisely 
defined later.) In some cases, a network must be realized to 
possess the magnitude of a specified transfer characteristic; in 
others, both magnitude and phase may be specified. 


The above list is not all-inclusive, but is intended merely 
to suggest practical and theoretical requirements that may 
confront a designer. Other restrictions—often not phrased 
analytically—are, for example: (1) a specified maximum 
number of elements to be used; (2) exclusion of pure 
inductances and specification of only those with loss whose 
O is below a specified value at a given frequency; (3) 
limitation of the spread of element values: (4) specification 
of the sizes of elements and their relative distribution with 
respect to parasitic capacitance: (5) a fixed maximum 
value (or total value) of capacitance or inductance: (6) 
a fixed maximum or minimum value of load resistance: 
(7) a specified maximum value of the d-c loss introduced 
by the network; or (8) a limitation of the total weicht 
and size of the network. (/2) Restrictions may be dic- 
tated by considerations of economy, reliability, military 
strategy, or by a combination of these and other con- 
siderations. The designer must know and understand the 
principles of synthesis and be thoroughly familiar with the 
available synthesis procedures, both theoretical and prac- 
tical, in order to accomplish his task. Then he may quick- 
ly rule out requirements which cannot be realized (that 
is, requirements that are both practically and theoretically 
impossible) and, in cases where no known procedure 
exists for meeting physically possible requirements, he 
may perhaps extend known procedures or devise new 
ones. 

Quadripoles often possess some form of symmetry or 
anti-symmetry which simplifies their analysis and syn- 
thesis. In addition, it is frequently necessary to realize 
networks that are related to other given or previously 
synthesized networks; for example, a network comple- 
mentary to another network may be required. We now 
consider symmetrical and balanced networks and then 
define some possible relationships between networks. 


Symmetrical and Balanced Networks. There is a dif- 
ference between physical and electrical symmetry. A phy- 
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sically symmetrical quadripole has mirror-image symmetry 
with respect to a center line; thus, the quadripole consists 
of two physically identical networks. An example of a 
symmetrical network is easily constructed. If N’ is any 
quadripole with its ports open-circuited, as shown in Fig. 
3(a), then two of these identical quadripoles, connected 
as shown in Fig. 3(b), yield a composite quadripole N 
that has physical symmetry. For networks drawn in this 
orientation, the center line is vertical. The process may 
be worked in reverse, with a given physically symmetrical 
network N being bisected into two network halves. In 
this case, Z,, Zo, and to the right and left of the center 
line there are equal impedances: i.e., Z, == Z) == 2's». 

However, not every physically symmetrical network can 
be bisected so that a single terminal pair appears at the 
center line. A lattice, to cite one example, cannot be so 
bisected. 

When a quadripole is designated as symmetrical, it is 
generally (unless qualifications are added), meant to be 
electrically symmetrical with respect to its two ports—i.e., 
Bi Z».». Thus, turning the network around so that the 
input port now becomes the output port and vice versa 
does not change the currents and voltages at the ports. 
Electrical symmetry is clearly less restrictive than physical 
symmetry; although the latter implies the former, a 
quadripole may be electrically symmetrical and still have 
a high degree of physical asymmetry. 

A symmetrical quadripole requires only two indepen- 
dent system functions for its complete specification; the 
symmetry condition gives the third function. 

When the symmetrical quadripole is terminated in re- 
sistance at both ends, as shown in Fig. 4(a), straightfor- 
ward calculation gives Z,/R, == Z./R., where the driving- 
point impedances Z, and Z,, are explicitly defined in Figs. 
4(b) and (c), respectively. Conversely, if Z,/R, == Z./R,, 
N’ is symmetrical. 

The property of inverse symmetry or antisymmetry also 
simplifies network design. A physically antisymmetrical 
(or, for brevity, antimetrical) quadripole has a mirror- 
image antisymmetry with respect to a center line*; this 
means that the network halves are duals (in the strict 
use of the term—i.e., physical duals) connected back to 
back. Thus, a physically symmetrical network with planar 
network halves can be converted to a physically anti- 
metrical network by replacing one network half by its 
dual. 

The statement about electrical and physical symmetry 
also applies here. The term antimetrical quadripole is 
generally used to mean electrical antimetry with respect 
to the ports; in other words, the network characteristics 
at One port are dual to those at the other. This will be 
true if any one of the following three conditions holds true: 

Maite ten es Veo, OF Z y,,. When an antimetrical 


* This is again a vertical line when applied to quadripoles drawn in the 
isual orientation 


Fig. 6—Physically antimetrical and symmetrical networks. 
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Fig. 5—A_ physically antimetrical network divided into dual 
halves. 


network is terminated in resistance at each port, then the 
normalized impedances at the ports are reciprocals: i.e., 
a/R, 1/(Z./R.). The converse of this statement is 
also true. 

If the network shown bisected in Fig. 5 is physically 
antimetrical, then it is clear that the short-circuit admit- 
tance matrix [y,] is equal to the open-circuit impedance 
matrix [z,], where the subscripts a and b refer to the left 
and right networks, respectively. 

An example of a physically antimetrical network is 
shown in Fig. 6(a), whereas taking the dual of the net- 
work on the left of the center line yields the physically 
symmetrical network shown in Fig. 6(b). 

Another important type of physical symmetry is termed 
potential symmetry. If the impedance level of the right 
half of the network shown in Fig. 3(b) is multiplied by r, 
the potentially symmetrical network shown in Fig. 7(a) 
is obtained. Thus, a potentially symmetrical network may 
be converted to one with physical symmetry by an im- 
pedance-level change on half of the network. Stated 
equivalently, the use of an ideal transformer in the cen- 
ter of the network makes the component networks con- 
nected to the primary and secondary physically sym- 
metrical. When the network shown in Fig. 7(a) is 
converted in this way, the network shown in Fig. 7(b) re- 
sults. Networks with potential symmetry arise in the 
synthesis of resistance-terminated ladders. (13) 

In contrast with symmetrical networks there are bal- 
anced networks. Physically balanced networks are those 
for which a cenier line or ground plane separates the two 
terminals of each port and divides the network into two 
network halves with mirror-image symmetry.+ In terms 
of currents and voltages, a balanced network has equal and 
Opposite currents in corresponding parts of the network 
halves, and equal and opposite voltages with respect to 
the center line in these corresponding parts. 

A quadripole that does not have the above property is 
unbalanced. Thus a grounded quadripole is an unbalanced 
network. However, a quadripole may be unbalanced with- 
Out possessing a common ground between input and out- 

Note that the center line for a symmetrical quadripole does not lie between 
the terminals of a port; each half includes complete ports. In a balanced 
quadripole, on the other hand, each network half has one terminal of each 


port. Thus, for a quadripole, as shown in Fig. 4(a), the center line is verti- 
cal for symmetry and horizontal for balance. 


Fig. 7—Example of a potentially symmetrical network. 





put; thus, using the term “unbalanced” as an equivalent 
for “grounded” is incorrect, although such usage is quite 
common. 

e EXAMPLE 1. If the elements B and C of a chain 
matrix are equal, prove that —y,, == Z.;, Zo. = Yaa, Z11 = 
Y.», and thus the quadripole described by the matrix is anti- 
metrical. Also show, for the antimetrical quadripole ter- 
minated as in Fig. 4, where R, R 1, that Z Beane 


Solution: Since B 1/y,, and C 1/Z.,, we get 
(1-1) 


and y 


But z Yo,/I) 


(1-1) gives 


; thus, use of Eq 


(1-2) 
and 
(1-3) 


7) ane zy 
well-known relationship for any network: 


Now, since z } } , We get the 


21) Z22V2 (1-4) 


Using Eqs (1-3) and (1-4) and performing algebraic 
manipulation give 


(1-6) 


This shows that Eq (1-1) implies Eqs (1-5) and (1-6). 
Thus the network looked at from one port has dual char- 
acteristics to those seen from the other port, which proves 
the desired result. 

Now. consider the input impedance when the output 
is terminated in a one-ohm resistance, and the output 
admittance when the input is terminated in this way. In 
the text we previously derived these in Eqs (8) and (9): 


A, = : (1-9) 


and making use of Egs (1-2), (1-5), and (1-6) to sim- 


plify Eq (1-8) yields 

l+2 

l+2z 
Thus, Eqs (1-9) and (1-10) show that Z 1/Z., for an 
antimetrical network. 


(1-10) 


Some Definitions of Network Types 


Equivalence. Two networks are said to be equivalent if 
the matrices of their corresponding system functions are 
equal. Thus, a two-terminal network is equivalent to 
another two-terminal network if their corresponding driv- 
ing-point functions are equal, although in their configura- 
tions and the number of elements they may differ greatly. 
For networks with more than one terminal pair, a little 
care must be exercised, since the term “equivalent” has 
been used in the literature in two senses. For example, 
the two-terminal-pair networks, N’ and N”, are “equivalent” 
(as defined above), if 


(15) 


where the left-hand matrix describes the set of open- 
circuit impedances of N’ and the right-hand matrix de- 
scribes N”. However, in many problems with two-terminal- 
pair networks, only a transfer function is specified and 
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it is customary to call two networks equivalent if they 
have the specified transfer function. In the extended defi- 
nition of equivalence, it is clear that a symmetrical (i.e., 
Z z..) and an unsymmetrical network can never be 
equivalent, whereas the restricted concept of equivalence 
permits such a designation. 


Complementary Networks. The term “complementary” 
is applied to driving-point functions or their correspond- 
ing networks. A driving-point function is the complement 
of another function if their sum is equal to a constant at 
all frequencies. For two impedances, the relation is 


Z\(s) + Zs) R (16) 


where R is a constant. The equation represents the series 
connection of the complementary networks. The comple- 
nentary relation for admittances is 


¥i(s) + Y2(s) G (17) 


and the networks are connected in parallel. The network 
formed by the connection is called a constant-resistance 
network, one whose driving-point impedance is constant 
at all frequencies. Such a network might be used to pro- 
vide a specified filtering action and, in addition, to termin- 
ate the signal source properly. 


Dual, Reciprocal, or Inverse Networks. If two n-port 
networks are duals, the open-circuit impedance matrix 
of one is the same as the short-circuit admittance matrix 
of the other. For a given two-terminal network, the dual 
network is one whose impedance is the reciprocal of that 
of the given network. If 


Let R? (18) 


Z,, is the reciprocal of Z, with respect to R*. Methods of 
constructing duals for planar networks are well known 
(J/4) and often simplify synthesis; that is, having realized 
one network, we have also realized its dual, which may 
be drawn by inspection. Simple examples of duality for 
two-terminal networks are shown in the pairs of primed 
and unprimed letters of Fig. 8. If the numerical equalities 
=a L, and G’ R are satisfied for each pair, 
the networks in (a) and (a’), (b) and (b’), etc., are duals 


Some Basic Network Structures 


Some basic structures that are used in network design 
are the T, the z, the bridged 7, the ladder and the lattice. 
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Fig. 9—T and @ configurations. 


T and z Networks. Representations of the T and 7 net- 
works are shown in Fig. 9. The T has the open-circuit 
impedance matrix 


(19) 


and the a is most readily described by the short-circuit 
admittance matrix 


y=] ‘ (20) 


-_— Ve 


The branches are therefore given by 


(21) 


The fact that [y] - 
tions 


where 


ly] = yaye + yaye + Yay 


Equations (22) are wye-delta transformations. 
q 


Bridged-7 Network. The above relations are useful in 
the analysis of the bridged-7 network shown in two forms 
in Fig. 10. In accordance with the decomposition given 
in Fig. 10(a), the y matrix is pertinent: 


Fig. 11—Twin-T network and its decomposition. 
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Fig. 10—Two representations of bridged-T and corresponding 
decompositions. 


while for. the (b) decomposition, 


a 
Yo + Ye 


Ve Ya + Ve 
Ly | ly] J 
Twin-T Network. Another basic structure is the twin-T 
or parallel-7 network shown with its decomposition in 
Fig. 11. The [y] for the total structure is 


, 


t , ” ” 
| 23 + 2, Zp + 2 


7 ri 
> rs 


Network functions for more complicated structures such 
as a bridged twin-T or a triple T are given by direct ex- 
tensions of the above analysis. 


Lattice Network. The preceding networks have all been 
unbalanced or grounded ones; in general, they have also 
been unsymmetrical (z,, # Z..). The most general sym- 
metrical network is the lattice; if a second-order matrix 
with equal elements on its main diagonal is physically 
realizable, it is realizable in the lattice form. The sche- 
matic for the lattice is shown in Fig. 12(a); for ease in 


Fig. 12—The lattice structure and its simplified representation. 
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drawing, it is conventional to indicate one of the repeated 
cross arms and the lower series arm by a dashed line as 
shown in Fig. 12(b). To obtain [z] and [y], it is useful to 
redraw the lattice as the parallel combination of two 


simpler networks, as shown in Fig. 13: 


The inverse of the above yields the z matrix: 


Zs + Le 


h = 2.7 


Z; 


From these equations, the lattice-arm impedances and 
admittances follow: 


Ze as 2 ; ? 7a = Fu 


(29) 
Z =i + 22 


= Yu T Yi 


A type of lattice of importance is the constant-resistance 
lattice. As shown in Fig. 14, this is a lattice that is termi- 
nated in a resistance of R ohms and possesses a constant 
input impedance equal to R ohms. The necessary and 
sufficient condition for a lattice to possess the constant- 
resistance property is that the driving-point impedances 
of the lattice arms be dual to each other within a scale 
factor, 


Z.2, = R? (30) 


rhe transfer impedance for a terminated network, as given 
in Eq (5), becomes, for the constant-resistance lattice, 


7 R-Z, 
Zu =R Riz. 


or, with a one-ohm termination, 
1 — Z, 
1+Z 


(31) 


Z, 


Fig. 14—Representation of a constant-resistance lattice for 
which Z, = R. 
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This form of bilinear transformation has the interesting 
property that Z,, expressed in terms of Z.,, has exactly 
the same form: 


1 — Zy 


Za Ll + Zy 


(33) 
An exactly dual set of equations is used for the realiza- 
tion of a transfer admittance Y., as a constant-resistance 
lattice: 
i Yo 


+ ¥ 1+ Yn, (34) 


In general, the arms of the constant-resistance lattice are 
not lossless. When they are lossless (i.e., each arm is a 
reactance function), then Z,(jw) jX,(@), and for real 
frequencies, Eq (32) becomes 

JXo 
1+ jX, 
[his equation represents an all-pass network (the magni- 


tude of the transmission is unity for all frequencies), the 
function providing only a phase lag, 2 arc tan X 


Zi jw) (35) 


Unbalanced Ladder. The ladder, whose diagrammatic 
representation is shown in Fig. 15, is an unbalanced net- 
work of alternate connections of series and shunt arms 
Each z and y may consist of a two-terminal network of 
any complexity, and we assume that no mutual inductance 
is present between any pair of arms, such mutual coupling 
making a bridgelike action possible. The input impedance 
of the ladder is given by what is called a continued frac- 
tion 


(A discussion of continued fractions would be beyond the 
scope of this paper.) 

Since the poles of z,, are equal to those of the driving- 
point impedance (except for degenerate networks, the 
natural oscillation modes of a network are the same ob- 
served from any terminal pair), z,. is determined from z 
and the network if only the zeros and constant multiplier 
can be found. For a ladder network, a zero can occur 
only at those frequencies for which a voltage is blocked 
or a current is shorted out (or where a series branch 
becomes an open circuit or a shunt branch becomes a 
short circuit). In mathematical terms, a zero of z,. can 
occur only at the poles of the series-arm impedances or the 
poles of the shunt-arm admittances. Thus, the ladder is a 
restricted form of network in that it can have zeros only 
in those parts of the s plane where a driving-point function 
is permitted to have critical frequencies; the bridge-type 
network, on the other hand, may achieve zeros at other 
frequencies by cancellation effects because its structure 





oO 
Fig. 15—Ladder network. 
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provides alternative paths for current flow. Inspection of a 
ladder network therefore shows the possible zeros of Z,.; 
we stress that these are possible zeros because the con- 


dition stated above, as will be clear in the discussion of 
synthesis procedures, is necessary but not sufficient for 
the creation of transmission zeros. 


Networks Synthesized by Recognition 


Since the basic volt-ampere relationships allow the rec- 
ognition of single two-terminal elements, we can carry 
through simple problems in synthesis. To synthesize a 
driving-point impedance equal to the constant 6, a circuit 
consisting of a single resistance with a value of 6 ohms 
and a circuit consisting of two resistances in parallel, each 
equal to 12 ohms, are drawn; or, further, one might, 
whimsically, use six resistances in a network of three 
parallel branches, each containing two 9-ohm resistances 
in series; and so on, ad infinitum. 

The different solutions may appear trivial, but they do 
illustrate the point that the solution to a synthesis problem 
may take an infinite number of forms; in a more com- 
plicated example, the superfluous elements would not be 
so obvious. Similarly, a driving-point admittance equal 
to 4s can be realized as a capacitance of 4 farads. If every 
driving-point function could be put in the form of an 
explicit sum of such elements, mere recognition could 
again serve for synthesis, which could be called synthesis 
by recognition or direct synthesis. 

As illustrations, Z 4 3/s is a series connection of 
a resistance of 4 ohms with a capacitance of 1% farad, while 
the three-element circuit Y 2 s -+ 2/s is a parallel 
connection of a conductance of 2 mhos, a capacitance of 
| farad, and an inductance of 2 henry. Although no syn- 
thesis procedure yields such simple sums of single ele- 
ments, there are general procedures that decompose a 
driving-point function into sums of basic two-element 
networks, and it is well for the reader to be able to recog- 
nize these basic components.* In fact, recognition of the 
rational functions corresponding to three- and four-element 
networks is also easy and useful. 

These basic substructures are shown in Fig. 16. First 
consider the RL two-element combination in Fig. 16(a). 
The impedance is 


R 
(37) 


which yields the admittance 


1 1 
Z Us+R/L) 


A function of the same mathematical form as that of 
Eq (38) is given by the impedance of Fig. 16(b): 


Y : (38) 


J; 1 
2"G+iR - 


] 
a(s ee ) 
RC 
It is clear that the function of Eq (39) has a pole at 
s == —1/(RC) and a zero at infinity; thus, all the critical 
frequencies of both Z and Y lie on the negative real axis. 


The first basic two-element rational function of interest is 
therefore given by+ 


* It is useful to point out that the value of such recognition extends even to 
the realization of transfer functions, since in many synthesis procedures the 
realization of a transfer function reduces to the realization of an associated 
driving-point function, 


4 subscript designation that refers to the impedance of the RC network is 
used, since, in practice, the RC network is more important than the RL 
network. In addition, the realization of any RL function can be obtained 
from the realization of an associated RC function; thus, only the RC case 
need be considered in detail. 
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(40) 


where s, is negative. 

The other RC and RL two-element configurations also 
yield impedance and admittance functions with real critical 
frequencies; in these cases, the origin becomes an addi- 
tional critical point. The admittance for Fig. 16(c) is 


see ely 
gale 
R(s o ke) 


while the impedance for Fig. 16(d) is given by 


(41) 


Rs 
Z=— 42 
s+ R/L (42) 
The next basic two-element function with critical points 
on the negative real axis and at the origin is 


Hs 
Srey = - — (43) 


= te 
where, again, s, is negative. The subscript, it should be 
clear, serves as a reminder that the function represents 
the admittance of a basic RC network (consisting of two 
elements). 

t It is convenient to include the limiting case of s: — 0 as an frez function. 
In this case, Z for the RC network and Y for the RL network reduce to 


H/s, so that the networks degenerate to a capacitance and an inductance, 
respectively. 


Fig. 16—Simple two-, three-, and four-element structures. 
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Fig. 17—Degenerate forms of the four-element configuration. 


It will be noted that attention has been directed to the 
form of the rational function that has finite non-zero poles 
rather than to its reciprocal. To give the reason for this, 
we anticipate the synthesis procedures by stating that some 
procedures for synthesizing driving-point functions of two- 
element kind networks are based on partial-fraction ex- 
pansions, and this is the form in which the function will 
appear in such expansions. For this form of the rational 
function, it is important to note that the admittance 
corresponds to a series network (that is, the admittance 
of the basic series structure has finite non-zero poles) and 
the impedance corresponds to a parallel network. 

The LC structures shown in Figs. 16(e) and (f) yield 
functions with critical frequencies on the j axis. For the 
series circuit in Fig. 16(e), the admittance is 


; a FI 
¥ 1 
L(# + 7c) 


and the impedance of the parallel circuit is evaluated as 


(44) 


en ee (45) 


o(* a 1 
< t rz) 


These functions lead to the third basic two-element func- 
tion, 


Hs 
Stat 
which has zeros at the origin and infinity, and conjugate 
imaginary poles at +jo,. 

The above two-element structures have their critical 
frequencies restricted to a straight line in the s plane, 
either the nonpositive real or the imaginary axis. For a 
more general distribution of critical frequencies, we must 
go on to the three- and four-element structures shown in 
Figs. 16(g), (h), (i), and (j). The networks shown in 
Figs. 16(g) and (h) may be looked upon as partial gen- 
eralizations of Figs. 16(e) and (f), respectively, in the 
sense that dissipation has been added to one of the re- 
active elements. The complete generalizations, with dis- 
sipation added to both reactances, are given in Figs. 16(i) 
and (}j). 

The structures shown in Figs. 16(g to j) lead to a fourth 
simple rational function of interest, 


fic (46) 


H(s — s)) 


G-ae - BD - 


in which s, is nonpositive, whereas s., is complex.* If G 
in Fig. 16(i) and R in Fig. 16(j) are set equal to zero, 
giving the three-element networks of Fig. 17, then a de- 
generate form of f results in which s, equals zero, 
namely, 


Hs 


frre = = 
ti (s —_ S2)(s —_ $2) 


(48 


If fep¢ iS written in the form 


* It is, of course, possible that the two finite poles of the driving-point func- 
tions of these structures are negative real, corresponding to the so-called 
overdamped resonant circuit. However, in order that the simple division 
procedure that is given apply for all four types of functions, it is convenient 
to restrict the definition of freic so that it possesses only complex poles. 
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: H(s + a) 

JRrRic = 2 +be+e (49) 
then, as shown in the example at the end of this section, 
it is necessary that a < b. 

In network analysis it is customary to speak of reso- 
nance and anti-resonance. For example, the frequency at 
which the impedance of Fig. 16(e) is zero is called the 
resonant frequency, and that for which the impedance of 
Fig. 16(f) is infinite is called the anti-resonant frequency. 
These terms can, of course, be extended to the other basic 
two-element configurations, and we will occasionally use 
them in this way. However, the pole and zero terminology 
adequately characterizes all the structures. 

In regard to synthesis, if a procedure has been used that 
separates a given driving-point expression into a sum of the 
above basic functions, we may find the connections and 
element values by working on each function separately. 
For frez, Frey, fic, and the degenerate form of fr,-, we 
merely invert each function and carry out division to ob- 
tain a sum of single elements; then we make the ap- 
propriate series or parallel connection of the networks 
found for each function. In the case of a general fpr, 
function, the simple division procedure yields a sum of 
simple elements plus a remainder which is an fp,7 function. 

As a check on the element values of froz, frey, and fr, 
functions, or as an alternative method of determining the 
element values by inspection, we can examine each func- 
tion and its corresponding two-element network represen- 
tation for very low and very high frequencies. For ex- 
ample, the asymptotic value of Eq (41) as s > 0 is Y = 
Cs, and the corresponding network in Fig. 16(c) reduces 
to the capacitance; thus, the value of the capacitance may 
be determined. As s — «, Y == 1/R and the network 
reduces to the resistance. Similarly, Eq (45) becomes 
Z = Ls for s > 0 and Z = 1/(Cs) for s > o, while the 
corresponding network in Fig. 16(f) becomes an induct- 
ance as s > 0 and a capacitance as s > o. 

To illustrate the division process, we realize the ad- 
mittance 


(50) 


We then have 


To decompose 1/y 
thetically: 


1 


so that 


,7 2(s + 3/2) 


+ Zo + 23 (52) 


Since the last term is of the fz type, it is also inverted to 
yield 

12 
4 53 
b 49 (53) 
The element values are now evident by inspection, and 
the network appears in Fig. 18. 

e EXAMPLE 2. Find networks corresponding to the 
following driving-point functions, interpreting each of them 
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first as an impedance and then as an admittance: 


1) 2s 2) 
s+3 


3) "F3s 
+6 


] 
s+4 


Solution: Considering the functions as impedances: 


3s 


4a" 3% 


The admittances will lead to the dual networks. All the 
networks are given in Fig. 19. 

e EXAMPLE 3. Find the maximum value that the 
positive constant a can have in the driving-point impedance 

Z s+a 
3?+3s +5 

in order for the impedance to be physically realizable. 
Make use of the fact that the most general configuration 
for such a rational function is given by Fig. 16(j). 

Solution: The admittance of the network in Fig. 16(j) is 

1 


G + Cs + 
: 'Ls+R 


LCs? + (RC + GL)s + RG a 
Ls +R 


A ok 
a TRE Sr, te’ ie 


> + R/L 
which gives the impedance 
s+ R/L 
G RG I 
+. s + + 
' €¢ ” iG LC 
The fraction R/L is involved as a separate term only 
in the numerator and as a coefficient of s in the denomina- 
tor. Because all the elements must be positive, R/L can- 
not be greater than the coefficient of s, (R/L + G/C), 


but at most can be equal to it when G 0. Therefore, 
the maximum value of a is 3. 


Fig. 18—Realization of admittance given in Eq (50). (Element 
values in ohms, henrys, farads.) 


Fig. 19—Network realizations for the functions given in Ex. 2. 
(Values in ohms, henrys, farads.) 


This property is general in that 


f s+a_ 
; #+bs+ec 

is realizable as a driving-point function for positive a, b, 
and c only if a < b. 


Realizability Conditions 


Realizability conditions for some important types of 
functions as described below are restricted to the con- 
ditions of most immediate utility. 


Driving-Point Functions 

The necessary and sufficient condition on a rational 
function for it to be realizable as the driving-point func- 
tion of an RLC network is that it be a positive real func- 
tion. A function G(s) is defined as positive real if it satisfies 
the following two conditions: (1) G(s) is real for s real— 
i.e., G(o) is purely real; (2) Re[G(s)] = 0 for Re[s] = 0. 

For two-element kind networks, the functions are even 
more restricted and the tests are further simplified. The 
necessary and sufficient conditions on a rational function 
for realizability as the driving-point function of an LC 
network is that it be a reactance function, where a reac- 
tance function satisfies all of the following conditions: 

1) The zeros and poles are all simple and occur as conjugate 
pairs on the imaginary axis. 

2) The zeros and poles alternate (this is termed the separa- 
tion property of the zeros and poles). 

3) The constant multiplier H is positive. 

Because the zeros and poles are simple and mutually 
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separate each other, the origin and infinity must both be 
critical frequencies. The most general form of the rational 
function is M/N or N/M, where M and N represent even 
and odd polynomials, respectively; that is, M(s) == M(—s) 
and N(s) = —N(—S). 

An alternative necessary and sufficient characterization 
of a reactance function follows: 

1) The poles lie only on the imaginary axis and are simple. 

2) All residues are real and positive (including the coeffi- 
cient of the possible pole at infinity). 


An example of a reactance function is 


M (8 + wi(s? + 09) ++ 
anaes —egcommnene 54 
N s(s? + w,)(s? + 4) eee 6) ) 


in which 0 < o, < wo, < w,... .. The general partial- 


fraction expansion of Eq (54) is 
k 
Z=kos + : + 


$ 


k 
= kos + ~+- 
8s 
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Fig. 20—Typical plots of RC admittance functions along nega- 
tive real axis. 
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A system function may be realized as the driving-point 
impedance of an RC network if it satisfies all the follow- 
ing conditions: 


1) The zeros and poles are all simple and lie on the nega- 
tive real axis or at the origin in the complex plane. 

2) The zeros and poles alternate. 

3) The critical frequency of smallest magnitude (i.e., the 
one at or nearest the origin) is a pole. 

4) The constant multiplier H is positive. 


A function with these characteristics is given by the 
factored form: 
“ (s — s2)(s — %)--+-(8 — 8m) " 
Z = H— _— - 56 
(s — s)(s — 83)-+-(s — Sn) (56) 
where all the critical frequencies s 
numbers and 


are nonpositive real 


0< —s8, < —s < —53... 


Since Y 1/Z, it is clear that an RC admittance must 
possess the characteristics (1), (2), and (4), but that its 
critical frequency of smallest magnitude must be a pole. 

The discussion is confined to RC networks; however, 
if impedance is substituted for admittance and vice versa, 
all of the statements apply to RL networks. Thus, an RL 
admittance must satisfy conditions (1), (2), (3), and (4). 

A partial-fraction expansion of the function of Eq (56) 
has the general form 

gle Te i ky me k oe (57) 


Ss — 8 S — 83 


where each k except k, is real and positive; k, may also 
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be zero. Thus, Eq (57) serves as another characterization 
of an RC driving-point impedance. 

It should be noted that Z( <x) Z(Q) is always true, 
with the equality sign holding only for Z equal to a con- 
stant, and it can be shown that the plot of Re[Z(jw)] is 
non-negative and monotonic with a minimum at infinite 
frequency. 

Expansion of an RC driving-point admittance in partial 
fractions yields negative residues. However, since Y/s 
possesses the characteristics of an RC impedance, to obtain 
an expansion with positive coefficients, Y/s is expanded, 
after which both sides are multiplied by s. Therefore, 


ro 0 : k, 


where all the k’s are non-negative. 

For the admittance, Y(0) Y(x) and Y(O) Y(x) 
for a Y equal to a constant and the plot vs w of Re[Y(jw)] 
is non-negative and monotonic with a minimum at zero 
frequency. 

Since the critical frequencies of an RC function are all 
on the negative real axis, its characteristics may be shown 
completely by a plot as a function of the real variable o. 
Because of the alternation of the simple poles and zeros. 
the derivative will possess one sign throughout: negative 
for impedances and positive for admittances. Illustrative 
plots for an admittance are given in Fig. 20. Such plots 
are useful as a visual guide in some RC synthesis pro- 
cedures. 


Transfer Functions 


A rational function is realizable as a transfer impedance 
(or transfer admittance) of an RLC network if it satisfies 
the necessary and sufficient conditions: 

1) The function is real for s real. 

2) The denominator is a Hurwitz polynomial or has zeros 
on the j axis. If zeros on the j axis are present, these zeros 
must be simple and the function must have real (positive or 
negative) residues in these poles. 

3) The degree of the numerator may be at most one greater 
than the degree of the denominator. 


To be realizable as a transfer-voltage ratio, a rational 
function must also have real coefficients, but it can not 
have a pole at the origin or at infinity. It must be analytic 
in the right half-plane; if poles occur on the j axis, they 
must be simple and have purely imaginary residues. 

The above conditions place no explicit restrictions on 
the zeros of the transfer function; they may lie anywhere 
in the plane. However, the transfer function of a grounded 
network without mutual inductance can not possess zeros 
on the positive real axis. Finally, restricting the network 
to have a resistance termination requires that no pole 
occurs on the j axis in any of the transfer functions. 

For LC networks, the transfer impedance or admittance 
may be simply characterized; it must be a non-constant 
real rational function with poles that are simple, lie only 
on the j axis, and have real residues. The voltage ratio 
must possess the following necessary and sufficient con- 
ditions: the numerator and denominator are even poly- 
nomials, and the poles of the rational function are all 
simple and lie on the j axis; it should be noted that these 
conditions preclude poles at the origin and infinity. 

For RC networks, the transfer impedance must be a 
real rational function with only simple poles lying on the 
finite non-positive real axis; that is, no pole at infinity is 
permitted. The transfer admittance, on the contrary, may 
possess a simple pole at infinity. Finally, a rational func- 
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tion is realizable as the voltage ratio of an RC network 
if, and only if, all its poles are simple and lie on the 
negative real axis, and zero and infinity are not poles. 

For a second-order impedance or admittance matrix 
describing an LC or RC quadripole, the remaining re- 
quirement is that the set of z’s satisfy the residue con- 
dition: 


Riko — ky > 0 


in which k,, is the residue of z,, at a particular pole, k.. 
the residue of z... at the same pole, and k,., the residue of 
z,, in that pole. (This condition also applies to the con- 
stant term for RC functions and to the coefficient of the 
pole at infinity for LC functions.) From this condition it 
is clear that z,, and z,. must have all the poles of z,., 
whereas the driving-point functions may have poles not 
present in z,.. The residue k,, may be positive or negative 
real; as a result, the zeros of z,, for RC networks may lie 
anywhere in the complex plane. For LC networks, the 
zeros of z,. may also occur anywhere in the plane. How- 
ever, Z,., like z,, and z,., must be an even polynomial over 
an odd or an odd polynomial divided by an even; as a 
result, complex zeros occur in quadruplets. 


Maximum Gain of Networks without 
Mutual Inductance 
(RLC and RC Networks) 

The preceding conditions described the critical frequen- 
cies of the system function; the constant multiplier remains 
to be considered. Though we are most often concerned 
with synthesis within a constant multiplier, it is useful to 
know how close the gain of the realized network is to the 
maximum possible gain. Furthermore, in some applica- 
tions we may wish to achieve the maximum gain even at 
the cost of additional elements. 

It is clear that the constant multiplier of a transfer im- 
pedance or a transfer admittance may be varied merely 
by changing the level of the network. However, the spe- 
cification of additional network characteristics may limit 
the maximum multiplier even of a transfer impedance or 
admittance; for example, in cases where the complete 
impedance matrix is specified for two-element kind net- 
works, the maximum multiplier of the transfer impedance 
is limited by the residue condition. In this section we 
characterize the gain of the transfer voltage ratio, K = 
E./E,, for grounded and ungrounded networks that con- 
tain no mutual inductance. The remarkable fact will be- 
come clear that all the restrictions on the maximum con- 
stant multiplier of RLC and RC networks may be obtained 
from a knowledge of the characteristics of resistance 
networks. (75) 

Grounded Networks. The value of the transfer voltage 
ratio of a grounded network composed entirely of resist- 
ances cannot exceed unity; in fact, it must lie in the range 
0 < K < 1, and may be equal to the extreme values only 
in two special cases. These cases can occur when the value 
of a branch resistance is made zero or infinite, or when 
the output node belongs to a sub-network which contains 
one of the input nodes but not the other; that is, the sub- 
network is in effect hinged at one of the input nodes. 


These facts can be applied to general RLC networks with- 
out mutual inductance because, for non-negative real values 
of s, these networks behave exactly like resistance net- 
works: for any particular s value, each branch impedance 
is a non-negative constant. Consequently, the transfer- 
voltage ratio (which is a real constant for any non-nega- 
tive s) must satisfy the restrictions on the K of a resistance 
network. 

If the transfer-voltage ratio of a grounded two terminal- 
pair RLC network is 


+ aS + Ap 


V(s) G8" P< 
D(s) gsm +h, ;s™—! doces 


60) 
K(s) H + hs + by ( 
then, for s non-negative and real, the upper bound is unity. 


Thus 


\ 61) 
Hoax ( 5) (6 


Hmax S ( n (62) 
Equation (62) follows from Eq (61) since the transfer 
function of a grounded network can have no zero on the 
positive real axis, and consequently N/D_ is always a 
positive quantity for non-negative real s. From the two 
cases discussed for resistance networks, it should be clear 
that the left-hand sides of Eqs (61) and (62) can be equal 
to the respective right sides only in the case for which a 
branch impedance becomes zero or infinite. Since a gen- 
eral branch impedance, Z(s) == Ls +- R + 1/Cs, cannot 
become zero or infinite for s real, finite, and nonzero, then 
Hyax can be equal to (D/N),,;, Only when the minimum 
occurs at s 0 [i.e., the minimum is equal to D(0)/N(0) 

= b,/a,], or at s x2 (i.e., m = n and the minimum is 
equal to unity). When the minimum occurs at a finite and 
non-zero value of s, then the inequality sign of Eq (61) 
must hold. The minimum of D/N may of course be found 
by the ordinary methods of the differential calculus. 

“If we let a possible minimum of D/N for s finite and 
non-zero be designated by H,, then the method for obtain- 
ing the maximum value of H may be summarized as 
follows: (1/6, 17) 

Determine the minimum of the three quantities, 5,/a,. 
H,, and 1 when m = n, and of the first two when m + n. 
If the minimum is H,, then H,,,. < Ho; if the minimum is 
not H,, then H,,,,, is equal to the minimum. 


Ungrounded Networks. The above discussion provides 
for networks with a common ground between input and 
output terminal pairs. For ungrounded networks, there is 
not much change in the conditions. However, consideration 
of the fact that K for ungrounded networks may have zeros 
on the positive real axis shows that N/D may be negative 
for s real and positive. Therefore, if for N/D we substi- 
tute its absolute value, Eqs (61) and (62) and the previ- 
ous discussion apply. The condition on the maximum 
multiplier then becomes: H,,,,, is less than or equal to the 
minimum value of |D/N); it is equal to the minimum value 
only when the minimum occurs at s == 0 or s = om. 


Some Synthesis Procedures 


We now consider a number of procedures for the 
realization of driving-point functions of two-element kind 
networks and show how these may be applied for the 
realization of transfer functions of such networks and 
also of RLC networks. 
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RC and LC Driving-Point Functions 
Knowing that the driving-point function of a ladder net- 
work can be put in continued-fraction form leads directiy 


to a procedure for realizing RC and LC driving-point func- 
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tons. Similarly, the characterization of RC and LC driving- 
point functions in terms of their partial-fraction expan- 
sions also leads directly to procedures for realizing such 
functions. This is true because each of the terms of the 
expansions can be realized by simple recognition. 

Each of these expansions leads to a different realization 
of a given function; these realizations use the minimum 
possible number of elements and for this reason are called 
canonic realizations. The first canonic network corresponds 
to a continued-fraction expansion about infinity; the second 
corresponds to a continued-fraction expansion about zero; 
the third to a partial-fraction expansion of an impedance, 
and the fourth to a partial-fraction expansion of an ad- 
mittance. 

First, consider RC functions. For the continued-fraction 
expansion about infinity, the polynomials are written in the 
normal order in descending powers of s, whereas for the 
expansion about zero, the polynomials are written in 
ascending powers of s. The type of expansion that is use- 
ful is one with positive coefficients in all partial quotients. 
Thus, the desired form for an expansion of an impedance 
about infinity is 


Z=d, 


T 
il 


n which all the constant coefficients are non-negative. 
Analogous expansions hold for the admittance. 

The guide in obtaining the above expansions is to re- 
move in a division only such terms as will leave a remain- 
der function of the same form as the rational function 
being operated on. Thus, in an expansion of Z about in- 


finity, we can remove d Z(o) if Z is an improper 
fraction; the remainder will still have a partial-fraction 
expansion of the form shown in Eg (57) with k, = 0. 
However, no poles at infinity can be removed from Z 
since an RC impedance can not possess a pole at infinity. 
For an expansion of Z about the origin, we can not remove 
a constant from Z since Z(0) Z(o«):; if a constant 
were removed, a partial-fraction expansion of the remain- 
der function would have negative terms. A pole at the 
origin may be removed from Z if one is present; otherwise, 
no operation is performed in the first cycle. In brief, in 
the expansion about infinity, poles are removed from ad- 
mittances and constants from impedances; in the expan- 
sion about zero, poles from impedances and constants 
from admittances. 

Thus, in each case, the partial quotients all have positive 
coefficients. In the expansion about infinity, a positive 
constant and a pole at infinity with a positive coefficient 
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are the alternating partial quotients; the first term cor- 
responds to a resistance in the series arm of value d, 
ohms, the second term to a shunt capacitance of value e, 
farads. In the expansion about the origin, given in Eq (64), 
poles at the origin and constants are alternately removed 
from the function; then the first term corresponds to a 
capacitance of f, farads in the series arm, the second term 
to a conductance of g, mhos in the shunt arm, etc. 

Similarly, the partial-fraction expansions of an RC im- 
pedance in Eq (57) and of an RC admittance divided by 
s in Eq (58) allow networks to be realized directly—that 
is, by recognition. For example, for the expansion of 
Eq (57), the first term corresponds to a resistance and 
each of the other terms to the impedance of a parallel 
combination of an R and a C. A series connection of all 
these basic structures yields the total impedance. 

Since the expansion of an admittance Y gives negative 
residues, Y/s is expanded and then multiplication of both 
sides by s yields an expansion for Y with positive coeffi- 
cients, as shown in Eq (59). The overall admittance is 
then given by a parallel connection of basic structures 
(C, R, or the RC series combination). 

An analogous statement is true for the partial-fraction 
expansion of the LC driving-point function as given in 
Eq (55). As with the RC functions, continued-fraction 
expansions are obtained by repetition of a basic cycle of 
reciprocation and division. However, no constant terms 
appear in the expansions. For the expansion about infinity, 
the polynomials are written in descending order and the 
form is 


where all the d’s are positive real constants (d, may be 
zero). If Z has no pole at infinity, no division is performed 
in the first cycle. 

The expansion about the origin is obtained by first writ- 
ing the polynomials in ascending order. The general form 
is given by 


again, all d’s are positive with the exception of d,, 


Fig. 21—Network obtained by a partial-fraction expansion of 
Y/s in Ex. 4. (Values in ohms and farads.). 
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which may be zero if the original function does not have 
a pole at the origin. 

Since the test for a Hurwitz polynomial requires that a 
continued fraction of the form of Eq (65) be the expan- 
sion of the ratio of the even and odd parts of the poly- 
nomial, a fact of considerable importance in synthesis 
becomes clear: the ratio of the even and odd parts of a 
Hurwitz polynomial is a reactance function. 

Another theorem shows the relationship of RC and LC 
functions and allows any synthesis procedure for one type 
of function to be used for the other. To see this, let Z 
be a given reactance function; then define Z/s f(s) 
and make the transformation s’ s°. Then, f(s’) is an 
RC function. If the RC network corresponding to f(s’) 
is now realized, substitution of an inductance for each 
resistance (with the value of L in henrys equal to that of 
R in ohms) gives the LC network corresponding to the 
original function. 

e EXAMPLE 4. Find four different network realizations 
of the RC admittance 


(s + 1\(s 
(s + 2)(s + 5) 


Solution: The first development is given by a partial- 
fraction expansion of Y/s: 


) (s + 1)(s + 3) 
s  s(s + 2s + 5) 


so that 


where the k’s are 


(s + 2)) 


(s + 5))} 


The first term corresponds to a resistance of 10/3 ohms. 
The second term yields 
6s + 12 
12 s 
s 
which corresponds to a series connection of a 6-ohm resist- 
ance and a 1/12-farad capacitance. Similarly, the third 
term yields a series connection of a 15/8-ohm resistance 
and a capacitance of 8/75 farad. The overall network 
achieved by a parallel connection of these elements is 
shown in Fig. 21. 
A second development is given by a partial-fraction 
expansion of Z ik: 


(s + 2)(s + 5) 


- (s + 1)(s + 3) 


> 


Fig. 
Z 


2—Network obtained by a partial-fraction expansion of 
1/Y in Ex. 4. (Values in ohms and farads.) 
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where 
= lim Z = 1 
gro 


(s + 1)Z|.—1 = er = s 


(s + 3)Z| em 


_(-D@) _, 


The first term corresponds to a one-ohm resistance, 
whereas the second yields 


which corresponds to a parallel connection of a capacitance 
of 1/2 farad and a resistance of 2 ohms. Similarly, the 
third term corresponds to a parallel connection of a one- 
farad capacitance and a 1/3-ohm resistance. Connecting 
these networks in series, we obtain the network represen- 
tation in Fig. 22. 

A third development is obtained by a continued-fraction 
expansion of Y about infinity. Since Y has no pole at 
infinity, no operation is performed in the first cycle. In 
the second cycle, the function is reciprocated and, per- 
forming the expansion, we have 


The expansion is therefore 


l 
8 
15 
The corresponding network is shown in Fig. 23. 

The fourth expansion is given by the continued-fraction 


Fig. 23—Ladder network obtained by a continued-fraction ex- 
pansion about infinity of the Y in Ex. 4. (Values in ohms and 
farads.) 





. >< | >= a8 


inal i j 


Fig. 24—-Ladder network corresponding to the continued- 
traction expansion about zero of the Y given in Ex. 4. (Values 
in ohms and farads.) 


development about the origin. Since Y(0) Y(o), a 
division is performed in the first cycle and we obtain 


2 
o 


= 
? > 
— s 
10 
19 
s 
10 


3969 


-9 


das 


3969 
-* 


daS 


63 


7A 


The corresponding ladder network is shown in Fig. 24. 

The reader should observe that each of the network 
realizations has five elements, the minimum necessary for 
realization. 

It is fortunate that there is also a class of RLC driving- 
point functions that can be realized by a continued-fraction 
expansion. The corresponding network is a lossless ladder 
terminated in a resistance and containing no mutual in- 
ductance. A sufficient condition for such a realization to 
be possible is that all the zeros of the real part of the 
driving-point function occur at infinity. Precisely such a 
function is obtained when one considers the realization 
of transfer functions whose zeros all lie at infinity. We 
shall discuss this in more detail below. 


Transfer Functions 


We now consider some procedures for the realization 
of transfer functions. Because of space limitations, we 
consider only the simple cases; however, a reader con- 
versant with the mathematics of network synthesis* should 


*A concise preseni.‘ion of material on this subject could not be included in 
this article because of space limitations 


Fig. 25 


Realization of the transfer impedance z 


5 


2s + 5)/(s? + 5s). 


have little difficulty in assimilating most of the other 
procedures that are presented in the textbook references. 

In considering two-element kind networks we discuss 
RC transfer functions here but, from the previous discus- 
sion of the theorem relating RC and LC networks, it is 
clear that corresponding procedures exist for LC networks. 

Lattice Synthesis of RC Transfer Functions. Suppose a 
transfer impedance is specified for which an open-circuit 
lattice realization is desired. From the matrix in Eq (28) 
we have 


(67) 


In accordance with the discussion of an RC transfer im- 

pedance, the poles of z., must be simple and real. As a 

first step, we expand z., in partial fractions; the residues 

are all real, but may be positive or negative. The terms 

with positive residues are identified as Z,,/2. 

with negative residues are assigned to Z 
For example, suppose 


while those 


~ 


(68) 


Z 9 4 zg = (69) 


and the lattice network is shown in Fig. 25. It has been 
proved that the lattice realization for a minimum-phase 
function of arbitrary degree may always be reduced to 
a grounded network. (/8, 1/9) Thus a grounded equivalent, 
which is generally a more practical configuration, may 
always be obtained. 

If the given function is a transfer voltage ratio, 


K : $) (70) 
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an open-circuited lattice may be realized starting with 
Eq (3) 


(71) 


The numerator and denominator of Eq (70) are divided 
by the polynomial r(s), chosen so that g/r may be identi- 
fied with z,, (an RC driving-point impedance). Corre- 
spondingly, Hp/r is identified with z.,, where H is a con- 
stant multiplier. Now the lattice arms are obtained by 
Eqs (29); H is chosen so that the residues of Z, are all 
positive. 
As an example, consider the realization of 
: s?°+ 3s + 6 (72 
(s + 2)(s + 4) S 
Since the poles and zeros of z,, must lie on the negative 
real axis and alternate, we divide numerator and de- 
nominator by r(s) (s + 1)(s + 3): 
all (s + 2)(s + 4) 
* (od De +3) 


K - 


3/2 1/2 
bf i 
; + 3 
+- 3s + 6 


+ 3 _ 
1)(s + 3) s+ 3 a 


Examination of these two equations in the light of Eq (29) 
shows that H < 1/6. If we let H l 


(73) 


Hl Ss’ 
(s 4 


s+ 1 s 
9 

H)14 
s+1 


g ms — (75) 
The network is shown in Fig. 26. 

Ladder Synthesis. (20, 2/) Zeros may occur in the 
transfer function of a ladder wherever the driving-point 
impedance of a series arm or the driving-point admittance 
of a shunt arm has a pole. Therefore, RC transfer func- 
tions with zeros only on the negative real axis may be 
realized by the simple ladder network. If all zeros lie at 
infinity, the realization of the transfer function is obtained 
immediately by the continued-fraction expansion about 
infinity of an RC driving-point function with capacitances 
in the shunt arms. For example, to realize the transfer- 
voltage ratio 

l 


*"Ctiere "x i 


we divide numerator and denominator by (s +- 1)(s + 3): 


- ] . (s + 2)(s + 5) (77 
(s + 1)(s + 3) ~~ (s + 1)(s + 3) ve 


The impedance z,, is now realized by a continued-fraction 
expansion about infinity. The network is shown in Fig. 
27(a), from which it is evident that the two capacitances 
provide the double zero at infinity, and that the limiting 
form of the network at s 0, shown in Fig. 27(b), gives 
a constant multiplier for K equal to 8/5. 

In realizing the above ladder, every capacitance pro- 
duces a zero; that is, each step that completely removes 
a pole at infinity from a driving-point function is a zero- 
producing step. In the general case, however, the driving- 
point function does not possess poles at the points where 
zeros are desired. A step must be used to shift a zero of 
the driving-point function to the desired point; this is 
consequently called a zero-shifting step, and the whole 
procedure is often called a zero-shifting synthesis proce- 
dure. (27, 22) The reciprocal function then has a pole at 
the point, and the total residue in this pole is removed 
to produce the required zero in the transfer function. To 
shift a zero to a required point, a constant may be re- 
moved or a pole may be partially removed from an im- 
pedance or admittance function. If performed on the 
former, a series arm accomplishes zero-shifting, and the 
next shunt arm produces the zero; if performed on the 
admittance, a shunt arm is used for zero shifting, followed 
by a zero-producing series arm. 
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Fig. 27—Ladder realization of voltage ratio in Eq (76) and 
effective network for s = 0. 


Fig. 28—Network derived by partial pole removal. 


It is still necessary to show that a partial removal of a 
pole does not insert a zero in the overall transfer function. 
Consider the driving-point impedance 

3 1 “ 
Si fa aeons 78 
en a+3 8 +4 Cs) 
If we remove part of a pole [e.g., remove 1/(s -++ 3) 
from 2], 


, 


] 3s + 11 Zz, 


“sts. (s + 3)(s + 4) a 9 (79) 


where the critical frequency at s == —3 is shown ex- 
plicitly in the last equation. The network corresponding 
to this development is shown in Fig. 28. The transfer- 
voltage ratio is given by a voltage-divider relation, 


, 
Z1 
1+ 


1 


from which it is clear that no zero at s == —3 appears in 
the transfer function. Thus, a zero is introduced into the 
transfer function at the pole of impedance of a series arm 
only if the impedance of the remainder of the network 
has no pole at that point, with a dual statement holding 
for the admittance of a shunt arm. 

Dasher Synthesis Procedure. (2/7, 23) It is desirable 
in practice to obtain a grounded network that has a fairly 
high constant multiplier, uses a small number of elements, 
and is fairly easy to adjust in the laboratory. For a mini- 
mum-phase RC transfer function (transfer impedance, ad- 
mittance, or voltage ratio) the Dasher procedure (com- 
bined with the partitioning theorem) satisfies these re- 
quirements. The ease of adjustment of the network comes 
about because each pair of transmission zeros is inserted 
by a separate part of the network. 

The complete network consists of a cascade connection 
of basic structures: a ladder realizes that part of the 
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Fig. 29—Network sections for one real zero and one pair of 
complex zeros in transfer function. 


transfer function containing negative real zeros, and one 
twin-T or bridged twin-T section is used for each pair of 
complex or pure imaginary zeros. The whole procedure, 
including the realization of the sections for the complex 
zeros, can be considered a zero-shifting one. For example, 
suppose a driving-point y,, is being developed in such a 
way that one real transmission zero and a pair of complex 
zeros are inserted in the y.,. Then, in a typical case, the 
network of Fig. 29 may be obtained. The first branch 
y’, serves a zero-shifting function, representing a partial 
removal of a residue in a pole of y,,. The remaining ad- 
mittance is reciprocated and the zero-producing impedance 
2’, is removed. After the remainder impedance is recipro- 
cated, vy’. is removed to prepare the admittance for the 
removal of a two-terminal-pair section that inserts the 
complex transmission zeros. This step of preparation in- 
volves the satisfaction of a conditional equation and guar- 
antees that the section will be realizable with positive 
resistances and capacitances; the part removed may be a 
resistance or a partial residue in one or more poles. Now 
the section producing complex zeros is realized. First, y’, 
is removed in a zero-shifting step; this places the zeros of 
the remaining admittance at the desired complex point. 
Since the reciprocal of the remainder has a pole at this 
point, the complete pole may be removed as z’,. Finally, 
y’, is removed from the reciprocated remainder to com- 
plete the section. 

The question arises how z,, which is the driving-point 
impedance of an RC network, can have complex poles; 
this is accomplished by negative elements. For example, if 


(81) 


Fig. 3] 


section, 


Form of network up to complex zero-producing 


Fie. 30 


Realization of driving-point impedance with complex 
poles. 


a partial-fraction expansion of 1/(z’,s) with a subsequent 
multiplication of both sides by s yields 


with the RC realization of Fig. 30. 

These negative elements, however, are not disturbing, 
since it is always possible to replace the two-terminal-pair 
section yielding the complex zeros by an equivalent section 
containing only positive elements. 

The basic steps in the procedure are: 


1. The given (or derived) y,, may have poles not present in 
y.,; these are removed as a shunt admittance y, with the re- 
mainder designated as ) 

2. The admittance y, is developed in part as a ladder net- 
work to realize the real zeros of y., and leaving the remainder 
function y,. 

3. One pair of complex transmission zeros is considered 
and designated as 


The values a,, 8,, w, are calculated. 
4. The admittance y. is prepared for the removal of the 
zero-producing section: 


(i) If y. is the ratio of a quadratic to a linear function, 
part of a pole of y. is removed so that the product of the 
zeros of y, equals w?, where y. is the remainder defined in 
Eq (84) below. 

(ii) If y. is of higher degree, 4 


tional equation 


must satisfy the condi- 


n 


5 > ae é > kvoy 


p=1 Pv p=1 Pro 


n n 


l kk (oy 
. 


, 1p i 


— 0, (ayo, i 
44 
PyPu 
where 


n 


ica = k,s 


yp 1% 


py = BS + (oy — ao)? 


If Eq (83) cannot be satisfied by reduction of any of the 
residues of y., it can be satisfied by working on the impedance 
basis: that is, removing a part of a pole of s/y, and insert- 
ing this removed part in the network in series. 

The network through this step has the form shown in 
Fig. 31, where the remainder y. is an admittance from which 
the zero-producing section may be removed. 


5. The zero-producing section has the form shown in Fig. 


32, where the subscript c is used on the y parameters to indi- 
cate that the y’s pertain to this section alone. The set of short- 
circuit admittances for this section are 


Fig. 32—Form of complex zero-producing section. 
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Fig. 34—Networks pertinent to the partitioning theorem. 


Fig. 33—Equivalent zero-producing sections with positive ele- 
ments. (Values in ohms and farads.) 


There are five parameters in Eqs (85); however, only c 
and a must be determined, since w? and a, are known from 
Eq (82). 

To produce a zero at s,, y, (which is shown in Fig. 32) must 
have a zero at this frequency. Thus, 


o° Fo» 


Yo(So) = yas) (86) 


must hold. The admittance is given from Eqs (85): 


, WW $s 
Ya Vue Viv Co(a + 1) Oo + - Jao (87) 
oo $+ oo 


If Eq (87) is substituted in Eq (85), the two equations that 
are obtained, 


Cu) 


| y3(80)| = eo(a 4 (« p <i li——| ep 


a 


yield o, and c,(a + 1), 
now determined. 
6. y, is substracted from y, to give a remainder y, with a 


respectively. The admittance y, is 


zero at Bas 

7. The s, pole of the impedance is removed as a series arm. 
Equating this impedance to 1/y,.,, given in Eq (85), allows 
c, to be found. Now, knowing c,(1 + a) and c,, we determine 
a. All three short-circuit admittances of the section are now 
known. The remainder admittance is designated y.. 

8. From y, the admittance y, = Yoo, — Y,o, is removed, 
yielding y,. The first cycle is now complete with y, an RC 
driving-point admittance whose numerator and denominator 
polynomials are each of degree two less than those of y.. 

9. The complex zero-producing section with negative ele- 
ments is replaced by an equivalent section with positive ele- 
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ments. This can always be done by one of the two networks 
of Fig. 33, whose elements are given in terms of the five 
parameters. 


One more point remains to be discussed; namely, to 
show how the partitioning theorem simplifies the network 
realization. The partitioning theorem (25) shows how to 
divide a network to be designed into two simpler net- 
works connected in cascade so that one complicated design 
problem is reduced to two simpler problems with a con- 
sequent decrease in computational labor and an increase 
in design flexibility. Basically an application of Thévenin’s 
and Norton’s theorems, it gives a method of treating such 
a pair of cascaded networks in terms of their z’s and y’s. 

After dividing the network of Fig. 34(a) into two 
simpler networks connected by a pair of wires, apply 
Norton’s theorem to the network on the left. The net- 
work obtained by these steps is shown in Fig. 34(c). To 
eliminate the minus signs in the formulas, let the short- 
circuit transfer admittance be defined as 

| 
Yn = — ds | (90) 
“1 | By =o 
The overall y., is given in terms of the y’s of the com- 
ponent networks: 


Ya1aV21hb 


(91) 
By the use of Thévenin’s theorem and the dual pro- 


cedure, the formula in terms of 2z’s is 
Z21 ae (92) 
Z22a t Z11b 
If the output terminal pair is not shorted or opened, but 
is terminated in an arbitrary load, 
220 You 


Zora + Zs 


Yaa You 


Y2 ™ r 
y Vou + Ys 


Z (93) 


where 


E, 


Zn = F. 





and Y.,,» and Y, are the transfer and driving-point ad- 
mittances of N, under load, while Z.,, and Z, are the 
corresponding impedances. 

As an illustration, suppose the given function is the 
transfer admittance, 

# +s + 4)(s? + 2s 4+ 5 
ee ee (95) 
2(s + 1)(s + 3s + 5)(s + 7) 
We divide numerator and denominator by the square of 
the polynomial containing every alternate zero of the 


V1 = 


denominator, beginning with the second; here we divide 
by (s + 3)*(s + 7)?: 


se+s+4 
(s + 3Ms + 7) ~ (s + 3s + 7) 
(s+ 1G +5), © + DG +5) 
(s + 3)(s + 7) (s + 3)(s + 7) 


s?+2s+5 


Unsolved 


There are so many interesting unsolved problems in 
network theory that it is difficult to choose examples. 
The author has summarized some problems. (3/) A 
particularly significant problem concerns a pure resistance 
network; this can be very simply stated, but is an ex- 
ceedingly difficult mathematical problem: We do not 
know the necessary and sufficient conditions for the reali- 
zation of a real symmetric matrix as the impedance or 
admittance matrix of an n-port network containing only 
resistances (and no ideal transformers). We know some 
necessary conditions such as the requirement that the 
matrix be a paramount one. We also know that this 
condition is both necessary and sufficient for n 5: <32)- 
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so that we work twice with a driving-point function whose 
numerator and denominator are of only the second degree. 


[Editor's Note: Some notes on the synthesis of RLC transfer 
functions and constant-resistance all-pass lattice networks will 


appear in the February issue of ELECTRO-TECHNOLOGY. (26- 
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Problems 


however, we don’t know whether the condition is suffi- 
cient for n > 3. This problem has received a great deal 
of attention, and finding a solution will probably suggest 
how to solve the general RLC n-port problem. 

We know very little about n-terminal networks. For 
example, we still do not know the necessary and sufficient 
conditions on a matrix for realization as a three-terminal 
RC _ network. Solution of this problem will have great 
practical value. 

We trust that the reader will be stimulated to delve 
into this fascinating field of network synthesis and bring 
about the solution to the two sample problems cited, as 
well as to others. 2 Ove 
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A. 


TRANSISTOR NETWORK ANALYSIS 


General four-terminal networks are analyzed in terms of the various 


possible parameters. The relationships developed are then converted 


to be applicable to transistor networks. The various terminal prop- 


erties (input and output impedances and current, voltage, and 


power gains) are developed for common-base, common-emitter, and 


common-collector connections. The parameters of a two-stage ampli- 


fier are determined as an example. 


A. A. SORENSEN 

Research and Development Division 
Space TecHNoLocy Laporatories, INC. 
Los Angeles, California 


Four-Terminal Networks. Any three- or four- 
terminal, active or passive network which is linear (or, 
if non-linear, which may be treated as linear by con- 
sideration of small signals only), may be completely de- 
scribed by a set of four network parameters. These para- 
meters are the coefficients of a pair of equations which 
relate the input and output voltages of the circuit. 
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For the four-terminal linear network shown in Fig. 
29,* any two of the four currents and voltages may be 


* Figures 1-28 [and Eqs (1) through (134)] appeared in Parts 1, 2 and 3, October, 
November and December issues. 


4 - terminal 
linear 
network 


Fig. 29 — Simple four-terminal network. 





considered to be independent variables. This results in 
six possible combinations of two simultaneous equations. 
These are given below and they serve to define the six 
possible sets of four network parameters. 
= Zni + Zi2%2 
(135) 
Zui, + Zr2k2 


(mesh parameters) 
Yun + Yieve 


Yar, 7 Y 2002 
(nodal parameters) 

Ajyv2 + Aoie 
(137) 

= Ante + Arle 

Byw: + Bris 
(138) 

, Bur; + Booi; 


= My; + Mylo 


(139) 


M101 + Mole 


= Ant; + hyve 
(140) 

hart, + hove 

(hybrid parameters) 
Only three of these possible combinations of equations 
are commonly used: Eqs (135), (136), and (140). Mesh 
and nodal parameters are common in circuit analysis. 
The hybrid parameters are useful when dealing with 
transistors because they are easier to measure than the 
Z or Y parameters. That this is so will be seen later. 

Network Equivalents. It is useful to be able to convert 
from one type of network parameter to another. This 
is done by solving the network equations for a different 
independent variable and equating terms. For example, to 
find the Z parameters in terms of the Y parameters, start 
with Eq (136) and solve it for v, and v.. Then equate 
the coefficients of this equation to those of Eq (135). Thus 


(is = Yu, + Vier 


ie = Yor, + Yoovg 


Table I—Coefficient Equivalencies 








where: Az = ZyZn — Z2.Zn 
Ay = YuYn — Yu¥n 
A, =huhan — hihn 


Solving for the v’s, 


(v1 7- u/Yu a ve ¥2/ Yu 
{ 


\v. = b/ Yo — 11 Ya / Yo 
Cross solving, 


=Uu/Yu Y/Y u(ie/ Yo — mY n/ Y22) 


\ v2 t2/ Y2 Yo / Yo(ii/ Yu ~~ v2 Y12/ Y11) 


Solving for v, and v. 


29 


; ty 
ial la Yis Yn 
j } ll (1 — y, a 


ke 
eo. Soo — 
ae Yui Yoe Yi2¥2 
Ya Q ~ Yu Yo 


Letting 


,rivy YuYoo — Yu¥n = 
i Y12 Yo: / Y11 Yee) cite Va Ves 


(o. = i Yn/Ay — BYi2/Ay 

J * 

} ‘ca oP 

(v2 = —tYn/Ay + BYn/Ay 


Then 


Equating coefficients with Eq (135), 


Zu = Yn/Ay Zu = —Yn/Ay 
Ziz = — Yi2/Ay Zn = Yu/Ay 


In the same manner, all the remaining coefficients may 
be cross-equated. The complete set is given in Table I. 
Network Terminal Properties. The current gain, voltage 
gain, input impedance and output impedance of a general 
four-terminal network may be calculated in terms of the 
network parameters and the load or generator imped- 
ances. If a load impedance, Z,, is placed across the out- 
put terminals of the four-terminal network, then v, = 
i.Z,. Substituting in Eq (135), 
m» = 4Zn + Zn 
‘ (141) 
(0 = Zn + i(Z22 + Zt) 
Solving for 7;, 
| D) Zi2 | 
| 
| 0 Zn + Zi | = 0i(Z22 “+ Zt) 


= | Zu Zin |) ZulZee + Zz) — ZZ 


|Z Lo+Z1 
Then the input impedance is 


Tm ei Jism Az + ZuZi 
ae Mier Zn + Zi 


(142) 


Solving Eq (141) for i, 
| Zu v1 


| 


Az + ZuZz ~ Bz + “ud 


Za 0 —Z2 : 


The current gain is 
Ay 
—i,L,, 


Since v, = 

sn Az + ZuZ1 
The voltage gain is 

ZuZ1 

= #. = 6 

A, = 0:/% 2. (146) 

In a similar fashion, if the four-terminal network is 

driven from a source impedance of Z,, the output im- 
pedance may be found to be 

az + Zaly 


v2/ lz ee Z 
“9 


(147) 
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By the use of the formulas for network equivalents (or 
by direct development in a manner similar to the above), 
the network terminal properties in‘ terms of Y and h 
parameters may also be found. The results are given in 
Table II. In the table, Y, = 1/Z, and Y, = 1/Z,. These 
formulas enable determination of gains and impedances 
where the network parameters are known or are easily 
determined. The network may be of any complexity as 
long as it may be treated as a linear network. Note that 
the parameters may also be complex (frequency de- 
pendent). 

Transistor Network Parameters. Using the equiva- 
lent circuits for the three transistor connections, the 
various Z, Y, and A parameters may be determined for 
the connections in terms of the transistor characteristics, 
a, B, R., Ry and R.. 

For the common-base connection, the mesh equations 
were given in Eq (118) in Part 3 (December issue), 
where i, = i, and i, = — in. Therefore 


(mn = O(R, + Ro) + a(R) 
\ D2 = i(R, f aR.) - (Rp L R.) 


(148) 


The Z parameters may be directly equated by comparing 
term by term with Eq (135). 


Zip =R, +R 
Zin = Ro 

Zu = Ry + aR. 
Zo» = Ry + R. 


(149) 


Note that the subscript on the Z parameter refers to the 
transistor connection, since three different sets of Z 
parameters are possible. By the use of the formulas for 
network equivalents, the conversions may be made for Y 
and A parameters in terms of the “tee” parameters. 

For the common-emitter connection, the mesh equa- 
tions may be written, noting that 7, = i, and i, = in. 
Then 

vn = (FR, + R.) + (PR) 


vw = i(R. — R.) + i(R. + R./8) 


(150) 


Again, the Z parameters may be equated from Eq (135) 
to give 
Zu = Rh +R 
Zin = R, 
Zue= R, — Re 
Za, = R, + R./B 


(151) 


For the common-collector connection, the mesh equations 
may be written in the same manner, noting that i, = 7; 
and i, = — iz. 


(vn = (Ro + Re + R-/8) + 2(R./B) 
ve = O(Re + R/8) + CR. + R-/8) 


(152) 


The Z parameters may be equated from Eq (135) again 
to give 
Zue = Ro + R. + R./B 
Zin = R./B 
Lyre = R. + R./B 
Zue = R. + R./B 


(153) 


The Y and A parameters are again developed by the 
equivalence equations. 

With the aid of suitable simplifications, the equations 
become less complicated. The following simplifications 
are usually valid. 
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a" 
B>1 
R.>.Re> R, 


If these simplifications are true, the following are also 
true: 


(154) 


B+1=B 

R.> BR. 
The complete set of formulas giving Z, Y and h para- 
meters in terms of the transistor parameters a, 8, R., 
R,, and R, are given in Table III. 

The IRE has proposed standard subscripts which are 
to apply to the transistor h parameters. These standards 
have been adopted by most manufacturers and users of 
transistors. The system is simple, the first subscript in- 
dicating which parameter and the second indicating the 


Table !l—Network Terminal Properties in 
Terms of Y and h Parameters 


| | 
Param- 
eter | 
| Az + ZuZi | Az + Ze: Z, | __ 2a LZuZ1 
| Ze+Zi | Zu+Z, LL Zn +Zi | Az t+ ZuZ1 
| 


Yn + Ys_| Yo +Y¥, | —Yu¥s at —Yu 
Ay + Yu¥r| Ay + YnY¥,| dy + Yu¥z| Yo + Yo 
hill! 


oi | | fu + AZ 


Z 


hy + Z 


1 a —hoaY L 
An + hoeZy 


ho + Yx 


An + AuY2 | 
ho + Yr 


Table lll—Network Parameters in Terms of 
Transistor Characteristics 


| 
Param- | Common 
eters | base 


Su R, Rs R. 
R./8 


Common 
collector 


Common 
emitter 


Zi2 Ry R, 


R. | R./f 
B | 1 


Ry + BR. Ry + BR. R, + BR, 





—BR, 
RAR, + BR.) 
es 

Ry + BR, 
a at 
RAR, + BR.) 
[R,/8 + R, 
R,/R: 


oo 


1/R. 


BR. 
RAR, + BR.) 
seseslteie 
R, + BR, 

BR, _ 
RAR, + BR.) 
Ry + RB 
6R./R. 
B 


B/Re 





oie 

R, + BR, 
= 

R, + BR, 


oe 
Ry + BR, 

Ry + BR, 
1 


—B 





connection. Thus, A,,; = hj, his = hy, hey = hy, hoz = Ao. 
As an example, note that h,,, a ee ee 
——f ee 

Transistor Network Terminal Properties. Formu- 
las have been developed for the circuit input and output 
impedance and current and voltage gains in terms of 
the general network parameters. For the specific case of 
the transistor, these equations may be solved in terms 
of a, B, R., Ry, R., the load impedance and/or the source 
impedance. To do this, we shall use the Z parameter 
equivalents given in Eqs (149), (151), and (153), to- 
gether with the network terminal properties equations 
for the Z parameters given in Table II. Note that A, 
is the same for any connection of the transistor and is 

Az = RARs + R.) + BsR-/8 (155) 

The various terminal properties (input impedance, out- 
put impedance, current gain, voltage gain, and power 
gain) will be treated in turn for each of the three 
transistor connections. The developed equations will be 
simplified and examined for their limiting values as R, 
and R,, the load and generator resistance, vary from 
zero to infinity. 

Input Impedance. In general: 
Az+ZiZ1 
Za + Z1 


Z; = 


For common base: 


7, — RAs +R) + RAR./8 + (Rs + ROR 
oe Reo+Re + Rt 
4 its / 
~ RR - Ri t AR 3 (156) 
R. 4 
For R, > 0: 
(157) 
For R; >> R,: 
Z2R+R = R: 
For common emitter: 
RAR, + R.) + RoRe/8 + (Ry + RRt 
R, ~ R./B 7 Rr 
w Rie + Poh + PRe/B8 
R./8 + Rt 


(158) 
Z, 
(159) 


(160) 
For R, >> R,: 
(161) 
For common collector: 
RARs + Re) + ReRe/8 + (Rs + RORz 
R, + R./B + Re . 
+ RRt + RR./B 


Z; 


~, RR 
= R./8 + Rr 
For R,; —_ 0: 


(162) 


Z;= RR, + BR. (163) 
For R, > > R.: 
Z,.=R+R SR, (164) 

It will be of interest to plot the variation of Z, vs 
R,/R, for a typical transistor. Assume that the transistor 
has the parameters: R, = 10 ohms, R, = 10° ohms, R, 

1000 ohms, 8 = 100. Then, plotting log Z; vs log 
R,/R., we obtain the curves in Fig. 30. 

Note that, if high input impedance is desired (it usu- 
ally is), the common-base connection is undesirable. The 
common-collector connection has the highest input im- 
pedance of the three connections. The common emitter 
is intermediate, but means will be shown later for rais- 
ing its input impedance to that approaching a common 
collector. 
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Fig. 30 — Input impedance vs R,/R, for a typical transistor. 


Output Impedance. In general: 


4 Az + ZnZ, 

et 

For common base: 

_ RAR, + RB) + RoRe/B + (Rs + ROR, 
; R+R+R, 

— RoRe + ReRy + RoR./8 

aan Ry, + R, 


For R, > 0: 


Z, 


RAR» + BR.) 


Z,= BR, 


(166) 


For R, > > R;: 

Zo, R, (167) 
For common emitter: 
_ RAR, + R) + RsR/6 + RAR. + Re/8) 
; R,+R+R, 
— RR. + (Ry + R)R./8 
ag R, + R, 


For R, — 0: 


2 


(168) 


RAR + BR.) 


2.2 (169) 


For R >> R,: 
Z, = R./B 
For common collector: 
zy, — RAR + R) + RR/B + RAR. + Be/b 
‘e Re + Re +R, 
_ RoR. + (Rs + Ry)Re/8 
eo: R.+R 


For R, > 0: 


(170) 


(171) 


Q 


Z,=R.+ R,/B (172 
For R, >> R: 
Z,.=- ake (173) 

BCR. + R,) B 
Cs, > & 

The plot in Fig. 31 shows log Z, vs log R,/R, for the 
same typical transistor described previously. The lowest 
output impedance is obtained with the common-collector 
connection. The common-base connection gives the high- 
est output impedance. Again, the common-emitter stage 
is intermediate. Usually it is desirable to have low out- 
put impedance. 

Current Gain. In general: 
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‘aks i eth ce oa 
> a 
== - 


aie Zu 
"Loe + Z1 
For common base: 


_ Ry +a. 
Ry + Re + Ri 


~ aR. 
=R.+ Rt 


For R, > 0: 

A; =a 
For R, ys: Hs 

A; >R./R1i 
lor common emitter: 


R. — R. 


A; = 
B+ 


-R. 
For R, — 0: 


For R, 

A, = 
For common collector: 
; ma. 
~Re+R/B + Rt 
3 
—R./B + Rr 


A; 


(180) 


For R, > 0: 
A; =p (181) 
For R, >> R,: 
A; 2 R./Rt (182) 


The plot in Fig. 32 shows log A; vs log R,/R, for the 
same typical transistor as in the previous plots. Note 
that the current gain is identical for the common-emitter 
and common-collector connections. For the common-base 
connection, the current gain is always less than one. 

Voltage Gain. In general: 

5 ZuZ1 
"Ag + ZuZ1 
For common base: 


(Ry + aR)Rr 


A. = RAR, + RD + RR./B + (Re + RORL 


2 R.Rt 
= RR + RRL + RRB — 
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For R, — 0: 
4, =BRL/R, ~ 0 
For R, >> R.: 
A, =R./Ro 
For common emitter: 


a RAR = R.) 
RAR, + R.) + RoR-/B + RrCR, + R.) 


A, = 


—RiR. 
oe = fi, R. + RiRs + RR./B 
For R, — 0: 
Ae ~ —BRL/R, — 0 
For Rp >> R:: 
A, = —R./R, 
For common collector: 
ie _ R.Rt ; 
~ RAR, + R.) + RR-/B + RiCRe + Re) 
R.R, 7 
+ RrR, + RR./B 


A, 


= RR. 

For R, —> 0: 
1, ~BR,/R, > 0 
For R, oe R.: 


A,=1 














Fig. 33 — Voltage gain vs R,/R,. 


(184) 


(185) 


(186) 


(187) 


(188) 


(189) 


(199) 


(191) 

















Fig. 34— Power gain vs R,/R,. 


Figure 33 shows log A, vs log R,/R, for the same 
typical resistor. The voltage gain is identical in the 
common-base and common-emitter connections and is 


Table 1V—Conversion of h Parameters for 
Various Connections 


common 


To common from common 
collector 


base emitter 


hie —h;. 
l+hy hye 


hidhoe hichoe 
] T h . e Nira F 7 i 7 hye 
om he 4 —hy- ti 
l 7 hye hfe : 


; hee ; —h.. 
l + hy. hye 


hip 


common 
emitter 


common common 


from 
base collector 


he 


L +Phy 


hisher 
hee ———~ ~ he — 


shy 
l T hy 


hie hie 


(1 + hy) 


: h » 
l+hp 


hoe 


_ common common common 
ro from . 
collector base emitter 


he 

l+han Iie 
=| 1 — hve 
a —(1 + hy) 
+ hyp 


hos 


“— = hoe 
1 — hy , 


high. For the common-collector connection, the voltage 

gain is approximately unity for most values of R,. 
Power Gain. We may define the power gain as G = 

A;A,. In general: 

ZuZi 


G=-,7 ; 5 
(Z 7 Z1)(Az . ZZ1) 


(192) 
Expressions may be written for power gain for each of 
the connections. For example, for the common-base con- 
nection, 


R.LR2 


Ga - 
=(R. + RRR. + RoRt + RR./B) 


To find the maximum power gain, we may differentiate 
with respect to R, and set the result equal to zero. Thus, 
R2 (CR, + R,/8)(R2 + RLR.) + RRR. + Rx)) 
i -R,R?2 [RAR + R, + R,/8) + 2R,R1) 
dR, ((R. + Rr)(R.R. + RoRt + RoR./B)}* 
0 


From this, 


RL =R. yf St Ry 


For common emitter: 


/ sR. +R 


R, (194) 


Ri =R. Py 


For common collector: 


Rr 21/8 VRABR, + R ) (195) 


These values of R, give the maximum power gain for 
each connection of the transistor. To find the power gain, 
these values of R,; must be substituted back into the ap- 
propriate formulas for power gain. Shown in Fig. 34 is 
a plot of power gain in db vs log R,/R, for the same 
typical transistor. Note that the power gain is the highest 
(generally between 30 and 45 db) for the common- 
emitter connection. The common-base connection nor- 
mally yields a maximum power gain of from 25 to 35 db. 
The common-collector connection has the lowest gain, a 
maximum of about 10 to 20 db. 

It should be repeated at this time that all of the fore- 
going applies for small-signal or a-c analysis only. Con- 
stant operating point and constant parameters are as- 
sumed. Also note that the curves have all been illustrations 
applying only to a so-called “typical” transistor and do 
not hold numerically in general. The formulas are gen- 
eral, however, and may be used for any transistor. 

Converting “h’” Parameters. The use of / para- 
meters has become so common that almost all manufac- 
turers of transistors furnish these parameters and no 
others. It becomes necessary to have formulas enabling 
conversion between the h parameters for the various 
connections. These are given in Table IV. 

If the A parameters are given and one wishes to make 
an analysis using the transistor equivalent circuits, it is 
necessary to convert the h parameters to the “tee” para- 
meters, a, 8, R,, Ry, and R,. Table V enables one to make 
these conversions. 

Composite “h” Parameters. It is possible to treat 
a complex circuit by successively combining portions of 
the circuit, finding the new parameters of the combina- 
tion in terms of the parameters of each of the individual 
portions, then finding the parameters of a further com- 
bination, etc. This may be done with any of the para- 
meters, but for the particular case of circuits involving 
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transistors, the determination of equations for the com- 
binations involving A parameters will be more useful. 

Therefore, we see that a resistor or general impedance 
may be combined with the transistor to alter the para- 
meters of the transistor, yielding a new four-terminal 
network. This may be further combined by successively 
finding the composite h parameters at each combination. 
The final h parameters may then be used to determine 
the circuit gain, input impedance, etc. 

Composite A parameters will be developed only for 
one example. The method is general and may be extended 
to derive any equation. 

If the defining equations for h parameters, Eq (140), 
are solved for v, and v., respectively, we have 


v1 = hunt: + Arwe 
1. = t2/ha» = hasis/hee 

These equations may be examined and the equivalent 
circuit shown in Fig. 35 can be drawn to satisfy them. 

Two-Stage Amplifier. The composite h parameters will 
be developed for a two-stage amplifier, which will be 
used as an example of the general technique involved. 
The circuit in Fig. 36 is the equivalent of a two-stage 
amplifier. The single-primed parameters apply to the first 
stage and the double-primed parameters apply to the 
second stage. 

Writing the loop equations, treating the central loop 
as two halves, we have 


(196) 


0%), = hits + hi V 

V = hyyne — Ay 

V = i/hy, — hy is/hz, 

omen pane 
(198) and (199) for i, 


rat ) ts hiahaa 
+1 hyyhy, + 1 


Substituting Eq (199) into Eq (197), 


hiahy, hy 
hy, wf hy 


Substituting Eq (201) into Eq (202), 


1 Ayaha 5) +8 hy, hy 
* ian + 1) hy hoa ae e 


Substituting Eq (201) into Eq (200), 


is ts) ihy, _ ( abihn 
2 =—- +( = mae H 
hy hy hyyhag +1 hi hy +1 


Collecting terms in Eq (203), 


eh: a A ie 
, — ae +1 hi has +1 


Solving Eq (204) for i, 


& wg (ahaa a 
. hijhy, +1 ” 


(197) 
(198) 
(199) 
(200) 
Solving Eqs 


h;, Nish 2 
tat hia 122 206) 
hilo +1 


The equations are now in the same form as Eq (140). 
The coefficients may be equated to give 


ae hyaharhs 
hea ate eoguengeees 
* hi Ann +1 


he. a alia 
3 hiha +1 


JANUARY 1961 


Table V—Conversion of h Parameters to 
“Tee” Parameters 


common common 


emitter 
he hye +1 
] -+- hye hye 


common 
collector 


—hy 


—hy 

=f hye — hye 
+i | uf | f 
er 1 + hye | —hye 
hop | Roe Nee 


hr | hie — — hh. oe h 1) | hie + hy(L — Ire) =) 


hos | Res —o 


| hin — hyo + hye) | hee 1 — hee 
hos Roe Roe 








—hyyhyy 


hi hss i 


hy, = 


} - ” Aayhyghy, 
as * he ST. 


” Ayhh + 1 


This constitutes a new set of A parameters which apply 
to the total two-stage amplifier. By repetitively using 
these equations, amplifiers of three or more stages may 
be analyzed. One of the stages of the amplifier may in 
fact be simply an impedance. These cases may be solved 
easily since the h parameters of a parallel impedance are: 


hy, = 0, Ay. = 1, Aor = —1, hoz = 1/Z. Similarly, the 


Fig. 35 — Equivalent circuit for defining h parameters. 


Fig. 36 — Equivalent circuit of a two-stage amplifier. 





Fig. 37 — Base and emitter characteristics for the common-col- 
lector connection. 


h parameters of a series impedance are: h,, = Z, h,- 
i: ee. —l, h.. = 0. 

The composite A parameters will now be given without 
proof for a number of common configurations: 


@ Impedance (Z;) in series with input: 
his = hy, + Z; hy, = hy 
ha. = h, 


hy, -_ hy 
@ Impedance (Z,) in series with output: 


hi sh; Zo hi 


a  - ha = ——_, -- 
1 + hy,Zo l a hy,Zo 


h < - h . 


hy =—> lisa aee ees 
P ] = hy,Zo Fr 1+ hy.Z. 
@ Impedance (Z;) in series with common lead: 


» . BAL +h,,) 


- hy 4 “a 7 hy, = has — hale 


1 + hid 


@ Impedance (Z,) across input: 


h,,Ze 


hy, 7 
h., + Ze 


bie 
fii ecalgeiicates 
| tpg 


@ Impedance (Z;) across output: 


@ Impedance (Z;) from input to output: 


hy,Zy he, Zs — his 
+ Z, ws hy; + Zy 


hy, =< 
il } 


i 


hy,(1 — hy.) 


, C= had + had 
hy + Zy 


hy, = hy; _ , ’ 
hyy + Zy 


, 
hoz = hy, 


A few trials will enable one to determine what sort of 
problems are most easily handled by composite h param- 
eters and what sort are simpler using equivalent circuit 
analysis. 

Transistor Characteristics. The emitter and collector 
characteristics for the common-base connected transistor 
(n-p-n) were given in Figs. 19 and 21 in Part 3, De- 
cember issue. It was shown, from physical considerations 
(energy-level diagrams), how these characteristics re- 
sulted. 
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Fig. 38— Base and collector characteristics for the common- 
emitter connection. 


Input and output characteristics may also be drawn for 
the common emitter and common-collector connections. 
For the common-collector connection. we have the base 
For the 
common emitter, the base and collector characteristics 


and emitter characteristics shown in Fig. 37. 
are shown in Fig. 38. 

Note that the collector characteristics for the common- 
emitter connection and the emitter characteristics for the 
common-collector connection are essentially the same 
since /, is approximately the same as —/,, differing only 
by the base current, which is small. 

Of the six possible characteristics, the two common- 
emitter characteristics are those normally given and are 
most useful. Most manufacturers of transistors give these 
two characteristics in their data sheets. They are given at 
a single temperature and are for an “average” transistor 
of that particular type. Considerable variations may occur 
between transistors of the same type. For this reason, 
selection of transistors is often necessary. A transistor 
curve tracer such as the Tektronix Type 575 enables one 
to examine and compare the characteristic curves of 
transistors and to match units of the same type. Both the 
base and collector characteristics can be displayed for 
the common-emitter connection. 

{ common problem in complicated circuits is that of 
determining what type of connection (common-base, 
common-emitter, common-collector) is used. The proper 
approach is not to try to determine which lead of the 
transistor is common to input and output (which may 
be difficult in many cases), but rather to examine where 
the input is connected and where the output is connected. 

The following rules may be used: 

(1) If the input goes to the base, the connection is 
either common-emitter or common-connector, and the 
output must be examined. However, if the input goes to 
the emitter, the connection is common-base. 

(2) If the output comes from the emitter, the connec- 
tion is common-collector. If the output comes from the 
collector, it is common-emitter. (Common-base was elimi- 
nated in Step 1.) These rules are valid in nearly all cases 
and the connection determination can thus be easily 


made. OOO 


Reprints 


A combined reprint of this six-part series on Semi- 
conductor Electronics will be made available at 
nominal cost upon publication of the concluding 
installment in the March 1961 issue. 
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Thermal Classification of 


Pressure-Sensitive Adhesive 


The growing application of PSA (pressure- 
sensitive adhesive) electrical tapes as de- 
signed-in permanent elements of insulation 
systems makes it necessary to classify them 
accurately on the basis of thermal operating 
This 
aging data for tapes developed for use at 
105 C, 130 €, 155 € and 180 C. An im- 


portant phase of this investigation deals with 


limits. report presents temperature- 


dynamic mechanical properties (such as 
flex life) as a means of predicting service 


life. 


ROGER E. HUDRLIK and WARD M. HANSON 
Electrical Products Laboratory 

MINNESOTA MINING AND MANUFACTURING COMPANY 
St. Paul, Minnesota 


DURING THE PAST FEW YEARS there has been a steady 
increase in the use of electrical pressure-sensitive adhesive 
tapes as permanent elements in insulation systems. (J) * 
The introduction of new thermosetting adhesives has, in 
particular, helped to broaden the scope and raise the 
operational limits of these applications. It has therefore 
become necessary to study the temperature-aging be- 
havior of tapes so that they can be properly selected to 


* Italic numerals in parentheses refer to Cited References at end of article. 
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match the specified temperature ratings of given insula- 
tion systems and equipments. 

General temperature data on tapes have previously 
been published in commercial literature. (2) The present 
report will give specific temperature-aging characteristics 
data based on tests up to 300 C. Tapes investigated will 
fall in the following classes: 105 C, 130 C, 155 C and 
180 C (Classes A, B, F and H respectively). Data on 
tapes employing newer materials, such as epoxy and 
silicone resins and polyester film backing, will be in- 
cluded. In accordance with the principles set out in ATIEE 
Standards Nos. 1, 1D and 1F*, these data can be used 
in the form of an Arrhenius-type semi-log plot against 
the reciprocal of the absolute test temperature to predict 
service life. 


Test Methods 


Five variables were studied: adhesive shear strength, 
insulation resistance, electric strength, curved electrode 
electric strength and flexural strength. 

Adhesive shear strength, rather than adhesion as de- 
fined in ASTM D-1000 (3), was selected to measure the 
holding power of the adhesive and (to some extent) 
the strength of the tape backing. The shear test is run 
as a straight tensile test. A specimen 144 x 1% in. in 
area is aged in contact with an ASTM steel adhesion 
panel. The data thus obtained are more extensive than 
those yielded in an adhesion test. where the tape is 
peeled back on its own brittle backing. 

For the electrical variables, three tests were employed. 


The ASTM D-1000 insulation resistance test was used 


owing to its acknowledged sensitivity in detecting the 
effects of carbonization. However, there is also a fairly 
well-established precedent for using arbitrary percentages 
of original electric strength to predict insulation life. (4) 
+ AIEE Standard No. 1, “General Principles upon which Temperature Limits are 
Based in the Rating of Electrical Equipment”; AIEE No. 1D, “Guide for the 


Preparation of Test Procedures for the Evaluation of Electrical Insulating Ma- 
terials’’; AIEE No. 1F, “Report on Guide for Statistical Analysis of Test Data." 
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Fig. 1— The MIT flex-testing machine. A 4 in.-wide strip of 
tape is clamped in position and loaded in tensile with a 1.5 
kilogram weight. The machine then automatically bends the 
sample through an angle of 135 deg to both left and right of 
the zero fold position until it breaks. (The folding surfaces 
resemble fulcrums with radii of curvature of 0.015 in.) The 
machine shuts itself off automatically and records the number 
of flexes. 


Therefore, electric strength was evaluated in addition to 
insulation resistance. Finally, the new curved-electrode 
electric strength test (5) which ASTM has been develop- 
ing in conjunction with sheet insulation was also em- 
ployed. This test procedure requires a moderate flexing 
of the aged specimen on the theory that all insulation 


Fig. 2— Compact and convenient fixture for holding pressure- 
sensitive tapes in air circulating ovens. Each specimen is sus- 
pended in air and kept separated from adjacent specimens. As 
test lengths are removed, the bottom support can be raised 
along the threaded guides. 


is subject to some dynamic stress in service. (6) 

The MIT flex test [originally developed at the Massa- 
chusetts Institute of Technology to test the folding en- 
durance of paper and since standardized as ASTM 
D-643 (7)] was applied for testing the mechanical en- 
durance of the tapes (except where the tapes were too 


Table | — Temperature-Aging Characteristics, Silicone Adhesive-Glass Cloth 
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1176/200 470 Light brown 
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5000 | on panel 
700- 
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0/250 | 2552 | 2000 


1/250 2911 Looks good 
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| 
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® Minnesota Mining, Scotch Brand No. 69. 
> Values are in volts per thickness of sample tested. In this case, 6.5 mil. 
© Times for shear test were 1, 4, 70 and 167 hr at 250 C and %, 2% and 


21% hr at 300 C. Values are in pounds per 4% x ¥% in. test area of specimen. 
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Key 

A= Thermosetting 

paper tape 
B= Polyester film tape 
C=Epoxy-glass cloth tape 
D= Silicone-glass cloth tape 
E = Silicone rubber tape 
F=TFE fluorocarbon tape 


200 250 300 350 
Temperature, deg C 

Fig. 3—Semi-log Arrhenius-type plot of the life of various 
pressure-sensitive adhesive electrical tapes plotted against tem- 
perature on the basis of a 250-flex failure criterion (10 per cent 
of initial flex strength, MIT flex test) except for paper-backed 
tape where the 10 per cent criterion is approximately 40 flexes. 
(For convenience, the temperature values in deg C have been 
substituted for the usual reciprocals of the absolute test tem- 
perature.) 


pliable). This device (shown in Fig. 1) has the merit 
of simple operation while subjecting the test specimen to 
a severe degree of flexing compared to that imposed in 
the curved-electrode test. The increased severity helps 
to shorten the period of testing. As will be described later, 
this flex test appears to offer a promising means for 
predicting high-temperature life for the PSA electrical 
tapes. 

Figure 2 illustrates a special holding fixture that per- 
mits handling a variety of test specimens in circulating 
air ovens. Since there is some contact of the specimens 
with steel in the fixture, a qualitative observation of ad- 
hesion to steel can be made also. 


Test Results 


Temperature-aging data on a glass cloth-silicone ad- 
hesive 180-C tape are given in Table I. Past experience 
with thermosetting tape has shown increases of 100 per 
cent in adhesion and 20 per cent in electric strength with 
aging. The data tabulated here, it will be noted, are even 
more decided. The glass-silicone tape shows a 500 per 
cent increase in adhesive shear strength after 167 hr at 
250 C, in addition to a 100 per cent increase in electric 
strength and a 300-fold increase in insulation resistance. 
The validity of these results was established by extensive 
rechecking. Actually, the glass-cloth tape was typical of 
the behavior of three 180-C tapes tested. 

Important as these test results were as indicators of 
specific physical and electrical parameters, they were not 
usable as a means of predicting service life. Insulation 
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Table Il — Temperature-Aging Characteristics, 
Epoxy-Glass Cloth PSA Electrical Tape’ 


¢ | 4 | 
| 
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8/150 6000 | 3800-5000 | Still flexible 
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| el good 
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| cracks 
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. i a. ys 7 Zr oe | 
0/200 > 100 ,000 5800 | 
1/200 | >40,000 | 7500 


200-1000 —— 
2200-3900 Darkens and 
| curls 

| Very dark 
Charred but 
functional 


5/200 19,074 | 6800 
21/200 4334 | | 7300 


1300-2400 
8500-12 ,000 


| 


0/250 >100 ,000 | 5830 | 200-1000 — 

1/250 | 3061 | 6760 | 20,000-30,000 | Very dark—no 

| | | | tack 

18/250 10 - | — | — Brittle—almost 
black 








® Scotch Brand No. X-1099. 


> Volts per thickness of specimen, 6.0 mil. 


resistance values, for example, showed a continuing up- 
ward trend. Electric strength showed some promise as 
the values finally started downhill at 300 C, but after 
2000 hr at 200 C there was no evidence of deterioration. 
Curved-electrode breakdown values proved somewhat 
more informative. However, in a period of 2000 hr, this 
test too yielded (at 300 C) only one group of results 
substantially below the starting values. Although these 
data offer convincing evidence that the tapes tested are 
conservatively rated at 180 C, they cannot be plotted to 
predict service life. 

In contrast to these tests, the MIT flex test seems to 
yield the kind of data that could be plotted to predict 
service life. It is, of course, necessary to set up a cri- 
terion for service life—that is, to answer the question 
“What constitutes failure?” In similar problems with 
varnished glass cloth, other investigators (8) have taken 
the position that a material with exceptionally high initial 
properties should not be penalized and that therefore 
some base line for failure should be established. In view 
of the severity of the MIT flex test, 10 per cent of the 
original flex strength was used in this investigation as 
the criterion for failure. In the case of the silicone-glass 
cloth tape, 250 flexes become the criterion. A plot against 
temperature (Fig. 3) based on this criterion indicates 
that this tape can be used with confidence for predictable 
180 C service. Since glass is normally susceptible to 
flexing damage, this result is rather remarkable. 

Similar experience occurred with an epoxy resin-im- 
pregnated glass-cloth tape for 155 C (Class F) applica- 
tion (see Table II). Again using the criterion of 250 
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Table Ill — Temperature-Aging Characteristics, 
Polyester Film PSA Electrical Tape* 


Hr /deg C 


0/150 
8 150 
69 150 
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0/170 
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4800 
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3750 
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4700 
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5700 
6000 
5150 


4700 


5000 
6000 


6000 
6000 
5300 


Insulation resistance, 


megohms 


Remarks 


Adhesive dry 
Flakes off panel 
dull yellow 

Brittle 

Dull brown 
Brittle—adhes 
ive flakes off 


Slightly brown 

Slightly stiff— 

adhesive dry 

Slightly brittle 

Hard and brittle 

Hard and brittle 
cracks 


| Backing brittle 


cracked 


Table IV — Temperature-Aging Characteristics, 
Thermosetting PSA Electrical Paper Tape* 


Hr /deg C 


0/113 
29/113 
1301 /113 


0/130 
4/130 


76 /130 
460 /130 


0/150 
1/150 
8/150 
128/150 


200 
200 


5/200 


21/200 


* Scotch Brand 


, flexes 


sample 


No. 3. 


500 


electrode, 


Curved 


2000 
1030 


1200 
2300 
3150 


1250 
2750 


1200 


volts 


Electric strength, 


1270 
1230 
1300 


1270 
1270 


1600 
1360 


1300 
1100 
1930 
1330 


1300 
1630 


950 


> Volts per thickness of specimen, 5.0 mil 
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Insulation resistance, 


Remarks 


Slightly stiff 
Still functional— 
dark 


Starting to 

darken 

Dark brown 

Very dark brown 
cracks in tape 


Solid brown 
Dark brown 
panel part brittle 


Dark brown and 
brittle 

Very dark brown 
and very brittle 
on panel 
Charred and 
flakes off panel 


flexes for failure, the plot in Fig. 3 gives a rather close 
fit to 155 C service life. 

The MIT flex test is also applicable to prediction of 
service life with a polyester-film tape (Table III). The 
250-flex life plot in Fig. 3 falls neatly into the 130 C 
(Class B) range for which this tape is intended. This 
rating appears to be quite conservative. Short time per- 
formance at higher temperatures such as 170 C will be 
quite dependent upon the application since the polyester 
film embrittles quite suddenly during extended high- 
temperature aging. 

Unfortunately, the MIT flex tester cannot be used 
universally; it is not adaptable, for example, to TFE- 
fluorocarbon-film tape nor to silicone-rubber-backed 
tape since each is too pliable. As in the case of the glass- 
cloth tapes, the adhesion shear test, the electric strength 
tests and the insulation resistance tests failed to provide 
useful data for plotting predicted service life. Therefore, 
the curves in Fig. 3 for these tapes were based on visual 
observations of embrittlkement and excessive warpage. 
The TFE and silicone-rubber tapes can be conservatively 
rated at 180 C (Class H) and can exhibit substantial 
life even at temperatures as high as 300 C. 

In the 105 C tapes (Class A) data obtained on a ther- 
mosetting PSA paper tape served to confirm the experi- 
ence of many transformer engineers with paper insula- 
tion: until it is flexed, paper gives outstanding service. 
Initial properties are retained or improved even after 
the tape is charred dark brown (see Table IV). With 
only slightly better than 400-flex strength to start with, 
a failure criterion of 10 per cent of this value gave a 
close Class A fit when used to plot performance (see 
Fig. 3). In fact, the fit is closer than the 250-flex cri- 
terion provides for the higher-temperature tapes. 

A similar aging pattern was followed with another 
105 C tape, based on purified cotton cloth. Initial proper- 
ties first improved with heating and then deteriorated 
slowly. The data indicate that short-time overheating at 
temperatures as high as 155 C is not critical for this 
type of tape. Here again, the electric strength holds up 
very well until the tape is flexed. Both paper- and cloth- 
backed tapes can be used for short periods at tempera- 
tures as high as 150 C. 

Although acetate film and acetate cloth PSA electrical 
tapes are now available with the same thermosetting ad- 
hesives that are used in the higher-temperature tapes, the 
inherent characteristics of the backings must necessarily 
limit applications to the usual 105 C range typical for 
cellulosic insulation. Actually (see Table V for acetate- 
cloth tape), in contrast to all the other tapes tested, these 
tapes deteriorate rapidly both physically and electrically 
on accelerated aging. For example, note how insulation 
resistance and MIT flex values decline progressively 
under accelerated conditions. Such behavior severely 
limits the utility of these tapes under overload conditions. 

This similarity in the degradation behavior of both 
film and cloth backings means that more than simple 
plasticizer evaporation is taking place, since the acetate 
cloth is unplasticized. No doubt the chemical stability 
of the cellulose acetate itself is at the core of the problem 
because it is well known that when this polymer degrades, 
it loses strength and organic acids are formed. Even 
minute quantities of such ionizable material would show 
up quickly in the form of reduced insulation resistance. 
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Table V — Temperature-Aging Characteristics, 
Thermosetting PSA Electrical Acetate Cloth Tape* 
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3500 50-75 


Darkens slightly 
| Adhesive flakes 

off 

Very brittle 


76/130 | | 2370 | 


| | 
460/130 660 | 1200 | 19-25 


0/150 | 1750 | 2120 | 150-250 | — 
1/150 | 2600 | 3530 | 40-80 | Turning brittle 


8/150 | 2600 | 4570 30-50 -- 
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® Scotch Brand No. 28. 
> Volts per thickness of specimen, 8.0 mil. 


Conclusions 

The MIT flex test shows real promise as a means of 
predicting service life at high temperatures for thermo- 
setting electrical PSA tapes. This is in sharp contrast 
to the conventional adhesion and electrical tests which 
show no deterioration after as much as 2000 hr under 
accelerated aging conditions. For materials with high 
initial flex life, it appears a failure criterion of 250 flexes 
correlates quite well with field usage. For materials with 
low initial flex life, 10 per cent of the original correlates 
better with field experience. In the case of soft, pliable 
materials, the search for a suitable failure criterion con- 
tinues because the MIT flex test is not applicable and a 
numerical approach is much preferred to visual obser- 
vation. 

With the exception of certain properties of cellulose- 
acetate-backed tapes (as already discussed here) a sub- 
stantial improvement in original properties occurs during 
the early stages of accelerated aging. This behavior is 
shown in Fig. 4, which plots the performance of the 
glass-cloth, silicone-adhesive tape as a function of time 
at various temperatures. The results illustrate the bene- 
ficial effects of increased crosslinking and is similar to 
that observed for the other thermosetting tapes. 

Briefly, flexing strength increases 30 to 50 per cent 
before starting to decline. Similarly, both curved-elec- 
trode and standard electric strengths increase from 25 
to 200 per cent. In this case, the decline levels out at 
the electric strength of air, approximately 100 volts per 
mil. The curved-electrode test is definitely more informa- 
tive than the standard ASTM test with its flat electrodes. 
Insulation resistance may either double or remain in- 
finitely high, depending upon the ability of the testing 
equipment to detect a change. 000 
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Fig. 4— Performance of glass-cloth silicone adhesive tape (Class 
180 C) as a function of time at various indicated temperatures. 
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Environmental Evaluation of 


Magnetic Materials 


Summary of work of U. S. Naval Ordnance 
Laboratory and others in the development 
and utilization of soft and hard magnetic 
materials for extreme-environment perform- 
ance. Results presented include performance 
properties to 500 C and above in nuclear 
radiation up to ~10" fast neutrons/cm* 
and in nuclear pulse radiation up to ~10° 


fast neutrons/cm’. 


DANIEL I. GORDON 
U. S. Navat OrpNance LABORATORY 
Silver Spring, Maryland 


THE GREATEST INFLUENCE of temperature on magnetic 
properties occurs just below the Curie point, or near the 
temperature of a phase transformation. Accordingly, for 
purposes of this article, the higher Curie-point materials 
are emphasized in studying temperature effects on both 
soft and hard materials. 

Since nuclear radiation is known to introduce imper- 
fections and inhomogeneities in the lattice through the 
production of vacancies and interstitials (or other mecha- 
nisms), it may be anticipated that those materials with 
the lowest coercive force (with the minimum number of 
imperfections) would be affected most by the radiation- 
created imperfections. In pursuit of this implication, this 
article will explore these possibilities and the expectation 
that high coercive materials which already have large 
numbers of imperfections and non-uniformities will be 
unaffected. 


Temperature Effects 


Soft Magnetic Materials 
An extensive experimental study of soft magnetic mate- 
rials (1, 2)* over the temperature range from 24 C to 


* Italic numerals in parentheses refer to Cited References at end of article, 
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850 C included silicon-irons (unoriented and grain 
oriented), aluminum-irons, nickel-irons, vanadium- 
cobalt-iron (Supermendur) and cobalt-nickel-iron (Per- 
minvar). 

It was generally found that saturation induction, resid- 
ual induction and coercive force decreased with increas- 
ing temperature (Fig. 1). High field permeabilities de- 
creased while low field and maximum permeabilities 
generally increased to maxima below the Curie points 
and then decreased rapidly as the Curie points were ex- 
ceeded. There are regions in the vicinity of or below the 
“knee” of the magnetization curves of some materials 
where temperature variations up to 500 C showed little 
or no effect on magnetic properties. (See Fig. 2.) 

Most materials showed significant irreversible changes 
as a result of exposure to 500 C and subsequent cooling 
to room temperature. These irreversible changes include 
increase in coercive force, decrease in maximum per- 
meability, decreases in high field and residual inductions 
and (for rectangular loop materials) decrease in square- 
ness ratio. Additional 500 C cycling generally increased 
the degradation in properties. 


Silicon-Iron Alloys 


Unoriented silicon-iron showed the smallest changes 
due to increasing temperatures up to 500 C (3) and 
little change due to temperature cycling. Grain-oriented 


Fig. 1 — Grain-oriented 3 silicon-iron: effect of temperature on 
60 cps loop. 
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silicon-iron showed relatively small changes up to 400 
C, but the high field inductions dropped considerably up 
to 500 C. 

Silicon-iron materials tend to show severe oxidation 
when exposed to air at elevated temperatures. Hence, 
hermetic sealing or encapsulation becomes a necessary 
consideration in designing equipment for high tempera- 
ture when using silicon-iron cores. 


Cobalt-Iron Alloys 


Supermendur (oriented 2V Permendur) showed rela- 
tively small changes up to 300 C, but at 400 C induction 
values dropped considerably. Further heating to 500 C 
produced only a small additional drop in high field in- 
duction (Fig. 3). With its orientation thus destroyed, its 
properties were then in the unoriented 2V Permendur 
(2V, 49 Co, 49 Fe) range. Return to room temperature 
produced no major changes from the 500 C properties, 
and further recycling to 500 C and return showed rela- 
tively small temperature effects. 

Unoriented cobalt-iron (27 per cent Co and 35 per 
cent Co) showed the least variation in d-c properties 
of the materials studied in the temperature range —60 
to +500 C. (4) However, total core losses do not show 
temperature stability comparable to that of the d-c 
properties. 

The temperature stability of saturable reactor magnetic 
amplifiers using 2V Permendur cores showed relatively 
stable operation in the range from —68 to +-500 C. 


Aluminum-Iron Alloys 


16 Alfenol (16 Al, balance Fe) and 3 Mo-Thermenol 
(3 Mo, 16 Al, balance Fe) with Curie points under 400 
C are not usable at 500 C. 12 Alfenol (12 Al, balance Fe), 
with a higher Curie point, shows about a 30 per cent 
reduction in maximum induction when heated to 500 C. 
However, because its optimum magnetic properties are 
related to atomic ordering, it is sensitive to heat treat- 
ment and particularly to cooling rate. Hence, cycling 
between 24 C and 500 C with rapid cooling produces 


, oersteds 


Fig. 2— Unoriented 3.6 silicon-iron: effect of temperature on | 


normal induction curve. 
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progressive deterioration in properties (Fig. 4). Under 
controlled thermal cycling conditions, 12 Alfenol might 
be usable up to 600 C. 


Cobalt-Nickel-Iron Alloy (Perminvar) 


7-70 Perminvar (7 Co, 70 Ni, balance Fe) shows rela- 
tively small changes in d-c properties up to 400 C, but 
exhibits a 40 per cent drop in high field induction at 
500 C. Effects of temperature cycling to 500 C are rela- 
tively small. Heating to 700 C (greater than Curie point) 
destroys the rectangular-loop properties. As with grain- 
oriented silicon-iron and the cobalt-irons, total core losses 
at power frequencies decrease with increasing tempera- 
ture. 


Nickel-Iron Alloys 

4-79 Mo-Permalloy (4 Mo, 79 Ni, balance Fe), un- 
oriented 50 nickel-iron, and Orthonol (oriented 50 nickel- 
iron) are not usable at 500 C because their Curie points 
are below 500 C. However, the permanent effects due to 





kilogauss 
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Fig. 4—12 aluminum-iron: effect of temperature cycling be 
tween 24 and 500 C on normal induction curve. 
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cycling between 24 C and 500 C are very small tor 
unoriented 50 nickel-iron. The Orthonol cores, however, 
were degraded by cycling, the firs; cycle producing the 





























Fig. 5— 50 nickel-iron (oriented tape core): effect on normal 
induction curve of temperature cycling between 24 and 500 C. 














Fig. 6 — 4-79 Mo-Permalloy: effect on normal induction curve 
of temperature cycling between 24 and 500 C, 


120 


greatest change, as shown in Fig. 5. 4-79 Mo-Permalloy 
experienced an increase in rectangularity due to cycling 
(Fig. 6). 


Permanent-Magnet Temperature Effects 


Changes in permanent magnets due to heating are of 
three types: 


(a) Metallurgical changes, which affect the hysteresis 
loop and hence remain even after remagnetization. 

(b) Irreversible magnetization changes, which remain on 
cooling to room temperature, but which can be reversed by 
remagnetization. 

(c) Reversible changes, which disappear on cooling to 
room temperature without remagnetization. 


No metallurgical changes occur in the iron-nickel- 
aluminum system with temperatures up to 550 C. (5) 
The widely used Alnico alloys, when correctly heat- 
treated, are immune to such changes from —180 to 
+550 C. Hence, the total loss of magnetization observed 
when a magnet is heated is the sum of the irreversible 
loss (b) and the reversible loss (c). 

Irreversible losses vary with the alloy and dimension 
ratio (or operating point) of the particular magnet. By 
preheating to 550 C after magnetization to saturation, 
the irreversible losses were reduced for the various 
Alnico-type alloys to less than 0.1 per cent at all tem- 
peratures up to 500 C. 

After thus stabilizing at 550 C, the following results 
for reversible losses in magnetization were obtained: (5) 


Percentage decrease 
in magnetization 


300 C 500 C 


Alnico 5 (Alcomax IIT) 8 
Alnico 6 (Alcomax IV) es 11 
Alnico 3 (Alnico) : 12 
Alnico 2 (Alni) 16 


Material 


These data are percentage decreases in magnetization 
for samples with a working point of —B/H ee. 

Alnico 5 and 6 are feasible in most instrument control 
applications up to 500 C. (6) Alnico 6 appears to be 
slightly less affected than Alnico 5. Alternating field 
stabilization reduces the effect of temperature cycling, 
but prior heating to a higher temperature is more eflec- 
tive in reducing irreversible losses. Further, magnet de- 
sign is significant for very short magnets, but has little 
effect on magnets operating at or above the maximum 
energy product point. 

In magnets of Alnico 5 (modified by addition of <1 
per cent Ti) exposed to temperatures between 350 and 
550 C for up to 1000 hr, it was found that the tempera- 
ture range for use of Alnico 5 can be extended to 550 
C with +5 per cent changes in remanence. Magnets of 
high L/D ratio showed little irreversible change in 
remanence (1.5 per cent) between 350 and 550 C. Shorter 
magnets incompletely heat treated for 550 C operation 
showed remanence losses as high as 10 per cent at lower 
temperatures, but these changes were reduced by extended 
heat treatment at 550 C. (7) 

Fortunately, in most devices utilizing permanent mag- 
nets, accuracy depends upon maintenance of a minimum 
level of flux density. Hence, compensation for high tem- 
perature remanence decrease can be effected simply by 
overdesigning for 25 C operation. 


ELECTRO-TECHNOLOGY 





Alnico 1, Alnico 4, Alnico 7, Remalloy, Indalloy, 
Vicalloy and 0.9 carbon steel may be usable at 500 C 
with various degrees of degradation. However, Alnico 
12, tungsten, chrome, and cobalt steels, barium ferrite, 
Cunife 1 and Cunico all show drastic changes of reman- 
ence at 500 C, or lower, and are therefore not usable at 


500 C, 


Nuclear Radiation Effects 


Coercive force and initial permeability are among the 
several structure-sensitive properties of magnetic ma- 
terials. They may change in value by large amounts as 
a result of small changes in metallurgical treatment and 
impurity of the material. By contrast, properties which 
are not normally structure-sensitive are density and 
saturation magnetization. Although the physics of struc- 
ture-sensitive properties is not completely understood, 
coercive force is generally thought of as a measure of 
the resistance to domain-wall motion due to imperfec- 
tions and non-uniformity in the bulk material. These, in 
turn, are attributed to several factors, including inhomo- 
geneous internal strains, non-magnetic inclusions and 
crystallite dimensions. 

Since ordering is frequently related both to magnetic 
hardness and magnetic softness, and since neutron irradia- 
tion has been shown to affect ordering, it might be ex- 
pected that those magnetic materials whose properties 
are correlated with degree of order will be radiation 
sensitive. 


4-79 Mo Permalloy 
o—o-— © o—o—@ 
> aluminum - disordered ) 


Fig. 7— Magnetic saturation (induction at a field strength of 
30 oersteds) as a function of integrated neutron flux, 
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Reactor Radiation Test Conditions 


The reactor irradiation of the NOL magnetic material 
samples was performed at the Brookhaven National 
Laboratory (BNL). Here the samples were irradiated 
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Fig. 8 — Coercive force as a function of integrated neutron flux. 
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for ~ 2 weeks at an epicadmium flux level of ~ 10" 
neutrons/cm* second, corresponding to an integrated 
epicadmium flux of ~ 10*’ neutrons/cm*. Sample tem- 
peratures were 75-90 C. In order to eliminate tempera- 
ture as a variable in these experiments, measurements 
on unirradiated controls held at reactor temperatures 
were also made. 


General Radiation Results 


Magnetic materials with pre-irradiation coercive forces 














Fig. 10 — Effect of re-heat treatment of irradiated 4-79 Mo-Perm- 
alloy: switching curves for )4-mil tape-wound bobbin core. 
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Fig. 11— Supermalloy: effect of irradiation on normal induc: 
tion curve. 
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less than ~ 0.5 oersted showed appreciable changes in 
properties, while those materials with pre-irradiation 
coercive forces greater than ~ 0.5 oersted showed no 
appreciable changes. Thus, only the softest magnetic 
materials changed. The harder core materials and the 
permanent-magnet materials showed no appreciable 
changes. However, the soft magnetic materials that did 
change are of considerable technological importance and 
their changes were generally drastic degradations. 


Radiation Sensitivity of Structure-Sensitive 
Properties 


Saturation induction, a structure-insensitive property, 
did not change for any of the materials irradiated. This 
is illustrated in Fig. 7, which shows magnetic saturation 
as a function of integrated neutron flux. The small initial 
decrease which appears in some of the curves is explain- 
able in terms of temperature effects. The sensitivity to 
radiation of structure-sensitive properties is shown in 
Figs. 8 and 9, which are semi-log plots of coercive force 
and initial permeability as functions of integrated neu- 
tron flux. These curves show that the highest permeability, 
lowest coercive-force materials (Supermalloy, 4-79 Mo- 
Permalloy, Mu-metal, oriented 50 nickel-iron, and 48 
nickel-iron), were degraded the most. Pure iron shows a 
large increase in coercive force and a 30 per cent drop in 
maximum permeability. One possible interpretation of 
this is that vacancies and interstitials aggregate to form 
dislocation rings, which impede domain-wall motion and 
thus raise the coercive force.* 


Effect of Reannealing after Irradiation 


Measurements of the magnetic properties of laminated 
and tape-wound toroidal cores as late as one year after 
irradiation indicate that the radiation damage is per- 


* “Effect of Neutron Bombardment on the Magnetic Properties of Iron and Nickel 
of Very High Permeability, II," Biorci, Ferro and Montelenti, Final Report 3b, 
Contract AF61(514)-1331, Office of Scientific Research, ARDC, February 1960. 
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Fig. 12 —Supermalloy: effect of irradiation on hysteresis loop. 
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manent. However, reheat treatment of irradiated cores 
can restore the original pre-irradiation properties. This 
was demonstrated in the case of a 4-79 Mo-Permalloy 
(14-mill tape wound) core originally heat treated to pro- 
duce a good switching field vs time characteristic for 
computer memory application. As shown in Fig. 10, 
neutron irradiation destroyed this good switching char- 
acteristic. However, by giving this irradiated core the 
same heat treatment it had received before irradiation, 
the original switching characteristic and d-c magnetic 
properties were restored, as shown in Fig. 10. This indi- 
cates that transmutation effects (i. e., changes in chemical 
composition) were either not present or were insignifi- 
cant. If there had been a composition change, reannealing 
could not have restored the original magnetic properties. 
Magnetic hardness (i. e., higher coercive force and lower 
initial permeability) was increased through the produc- 
tion of additional inhomogeneities in the form of vacan- 
cies and interstitials (or more complex defects), and this 
added hardness can be removed by proper annealing. 


Softest Magnetic-Core Materials 


Examples of the drastic changes which occurred in the 
properties of the magnetically softest materials are shown 
in Figs. 11, 12 and 13, which illustrate the effects of 
irradiation on induction curves and hysteresis loops of 
Supermalloy and oriented 50 nickel-iron (Orthonol). In 
addition to severe lowering of permeability, increases in 
coercive force, and drops in remanence, distortions of 
hysteresis-loop shape also resulted from the neutron ir- 
radiation. Figs. 12 and 13 show this “kink” effect clearly. 
These distortions or kinks may be associated with changes 
in degree of order. (8) The distortions may also be due 
to non-uniform radiation damage in the sample caused 
by self-shielding; 7. e., by the possibility that the interior 
of the sample may receive significantly less radiation 
than the outer portion. This would in effect produce a 
composite core with consequent distortions in loop shape. 
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Fig. 13—Oriented 50 nickel-iron: effect of irradiation on 


hysteresis loop. 
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(9) This possibility should be investigated further. 
Some nickel-iron samples have been irradiated in the 
presence of a magnetic field. (10) It is reported that after 
this treatment the samples exhibited square hysteresis 
loops with increased remanence and increased coercive 
force. It was proposed that directional short-range order- 
ing and consequent uniaxial anisotropy had been created 
by neutron irradiation. A similarity between this result 
and that of magnetic (thermal) annealing is indicated. 
However, since magnetic (thermal) annealing normally 
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silicon-iron: effect of irradiation on 
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Fig. 15—3-1 silicon-aluminum-iron: effect of irradiation on 
hysteresis loop. 
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produces square loops with reduced coercive force, and 
irradiating in a magnetic field produces loops with in- 
creased coercive force, this phenomenon should be studied 
further. 


Harder Magnetic Core Materials 


Magnetic core (soft) materials with higher coercive 
forces {>0.5 oersted), which showed little or no change 
in properties are illustrated in Figs. 14 and 15. Here 
one sees examples of the insensitivity to irradiation of 
materials in this category, which includes oriented 3 
per cent silicon-iron and 3-1 silicon-aluminum-iron. 


Powder and Ferrite Cores 


Nickel ferrite, 2-81 Mo-Permalloy dust, and Sendust 
flake cores exhibited significant increases in high-fre- 
quency losses. However, within experimental error, car- 
bonyl iron-dust cores showed none. The high-frequency 
loss separation measurements which showed overall loss 
increases showed no changes in permeability or in hys- 
teresis for any of the materials. This was confirmed by 
d-c and power frequency measurements which also indi- 
cated no changes in permeability or hysteresis, or other 
low-frequency properties. 

The nickel-ferrite core and the 2-81 Mo-Permalloy were 
retested 10 months after irradiation. In contrast to the 
laminated and tape-wound cores, the results here showed 
some degree of recovery with time toward the original 
pre-irradiation properties. 

In low-temperature measurements (4.2 K) however, a 
reduction in saturation magnetization of y-Fe,0, and 
Fe,0, was observed. These data suggest a preferential 
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<€& 
Fig. 16 — Demagnetization curves of irradiated permanent mag- 
net materials. 


relocation of ions set in motion by fast neutron bom- 
bardment. 


Permanent Magnets 


Permanent magnets exposed to the same nuclear en- 
vironment as were the soft materials showed no ap- 
preciable changes beyond the limits of experimental 
error.(11) Demagnetization curves of the thirteen rep- 
resentative materials studied are shown in Fig. 16. This 
group covers most of today’s technologically important 
permanent magnets. Coercive forces range from 60 to 
2.200 oersteds. Here, complete demagnetization curves 
were measured before and after irradiation on one set 
of samples. Open magnetic circuit induction values (be- 
fore and after irradiation) were measured on a second 
set of samples. In addition, both open-circuit induction 
values and demagnetization curves were obtained on 
unirradiated control samples which were held in a furnace 
for twelve days at the reactor hole temperature of 90 C. 
Pre- and post-irradiation demagnetization curves of the 
Alnicos are shown in Fig. 17. Results for the other per- 
manent magnets were similar. 

In order to determine the radiation damage thresholds 
of permanent magnets, experiments are now in progress 
up to 10?° fast n/cm? in the Argonne National Laboratory 
CP-5 reactor. Results to date indicate that the threshold 
lies beyond 10'® fast n/cm® for many permanent-magnet 
materials. 


Pulsed Neutron Radiation Effects 


In order to determine the radiation effects due to a 
nuclear explosion, several magnetic core materials were 
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exposed during a nuclear bomb test. The integrated fast- 
neutron flux at the location of the samples was ~ 10° 
neutrons/cm’. Results of this experiment and additional 
details such as peak flux and duration of pui'se are given 
in a classified report. (J2) 

In order to simulate nuclear explosion radiation con- 
ditions for irradiation of magnesium-manganese ferrite 
cores (13), the pulse critical assembly (GODIVA II) of 
the Los Alamos Scientific Laboratory was used as the 
radiation source. This assembly provides an integrated 
neutron dose of ~ 10'* neutrons/cm? in a period of 
200 psec. Results showed neither transient nor permanent 
effects. 


Combined-Environment Effects 


Although the individual effects of nuclear radiation 
and of high temperature on magnetic materials have been 
studied in some detail, very little data are available on 
combined-environment effects. 

The effects of a combined 500 C radiation environment 
(~ 10" fast n/em*) on filament transformers containing 
cores of grain-oriented silicon iron have been reported. 
(14) It is concluded that transformers can be built to 
operate satisfactorily under these conditions. The pre- 
dominant effect of the combined nuclear radiation and 
500-C temperature exposure on transformer operating 
values seems to be due to temperature. 

In spite of the scarcity of actual experimental data 
on the effects of combined environments on magnetic 
materials, the results above suggest an approximate guide 
to the use of magnetic materials in hyper-environments. 
The last column in the accompanying table is based on 
the assumption that the degrading effects of high tem- 
perature and radiation are additive. OOO 
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Permanent 
magnets 
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Fig. 1—Measurement of the y parameters. 
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THE HIGH-FREQUENCY operation of 
transistors can be characterized by the 
small-signal parameters measured at 
different frequencies. In this charac- 
terization, the transistor is regarded as 
a linear three-terminal network (or as 
a four-terminal network with common 
ground for input and output). The in- 
put/output impedances or admittances, 
and the forward/reverse transfer para- 
meters, can be measured. Such meas- 
urements can be performed either in 
a bridge circuit or by the measurement 
of input/output currents and voltages, 
where the parameters are computed 
from these data. Since the transistor 
parameters are complex quantities, both 
the real and imaginary components 
should be measured, or the absolute 
value and the phase angle of the para- 
meter. Bridge measurements have cer- 
tain drawbacks: the difficulty of meas- 
uring with really small signals, and of 
measuring transfer parameters. Because 
of the disadvantages of the bridge 
method, the technique of measuring 
the input/output voltages and currents 
was chosen. 

Input and output voltages are meas- 
ured between the corresponding termi- 
nals, while the currents are measured 
by the voltage drop across current-sens- 
ing resistors. The principle of this 
measurement is given in Fig. 1, where 
the block diagram for measurement of 
y parameters is shown. As indicated 
by the expressions of the y parameters, 
a short-circuit termination should be 
applied to one side of the transistor at 
each measurement. This short circuit 
can be well approximated in the cases 
of the y,, and y.., but only a worse 
approximation is possible in cases of 
¥,. and y.,, where the short circuit has 
to be substituted for by the sensing re- 
sistors, R,. In the interest of accuracy, 
a correcting calculation may be made, 
depending on the value of the sensing 
resistor and the impedance between the 
terminals that are supposed to be 
shorted. It is always assumed that, dur- 
ing small-signal measurement, the 
measuring signal is much smaller than 
the d-c bias applied to the 
measured. Without this condition, the 
device cannot be regarded as one havy- 


device 


ing linear characteristics and the re- 


sult will be inaccurate. Consequently, 


in some cases the signal level at the 
input or output terminals of the trans- 
istor has to be of the order of one 
millivolt. Considering all these factors, 
the measurement of para- 
meters is reduced to the measurement 


transistor 


of a-c voltages and phase angles be- 
tween them, or to the measurement of 
complex voltage ratios where the volt- 
ages are of the order of one millivolt. 


Development of the Measuring Technique 


The simplest way to perform the de- 
scribed measurements is to use a two- 
channel, high-gain amplifier with two 
voltmeters and a phase meter at the 
output, as shown in Fig. 2. The ampli- 
fier must have a voltage gain of ap- 
proximately 500 because of the low 
input signal and because of the mini- 
mum input requirements (ap- 
proximately 0.5 volt rms) of the high- 
frequency phase meters now available. 


signal 


The construction of such a high-gain, 
wide-band amplifier with low noise and 
with symmetry of the two channels is 
difficult. Therefore, it has been found 
easier to use a two-channel super- 
heterodyne receiver, as shown in Fig. 3. 

In the latter method, the r-f generator 
supplies the measuring signal to the 
test device at the required frequency 
and signal level. The input and output 
signals of the test device are fed to the 
input terminals of a two-channel super- 
heterodyne receiver. Each channel con- 


Fig. 2— Block 
measurement, 
plifier. 


transistor 
two-channel am- 


diagram for 
using a 
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sists of an r-f amplifier, a mixer, a local 
oscillator (common to both channels), 
and a frequency-selective amplifier. The 
purpose of the r-f amplifier is to isolate 
the test device from the local oscillator, 
and at the same time to provide some 
gain. The local oscillator has a fre- 
quency, f;, of such a nature that the 
frequency difference between the meas- 
uring signal, f,, and f; is a constant 
audio frequency, f,, independent of the 
measuring frequency. The frequency 
of the local oscillator is: f; = f, — fa. 
The constant audio frequency is equal 
to the resonant frequency of the tuned 
a-f amplifier. Since the mixer circuit 
produces both the sum and the differ- 
ence frequencies of the measuring and 
local oscillator signals, the following 
frequencies will appear at the output 
of the mixer, in addition to the f, and f;: 


fi = (f; ; fa) T Ir 2h - Se 
fr =fe —C — fe) =f 


The tuned a-f amplifier will select and 
amplify the f, = f, signal only; there- 
fore, the output voltages and phase 
angle between them can be measured 
by the audio-frequency voltmeters and 
the phase meter. An advantage of this 
method is that the actual measurement 
of the voltages takes place at a cons- 
tant audio frequency where the neces- 
sary gain is easily provided by the 
frequency-selective amplifier. It should 
be noted that the audio-frequency out- 
put voltage is directly proportional to 
the r-f input voltages (obtained from 
the test transistor) of the two-channel 
receiver, if linear amplifiers are used 
and the phase angle between the r-f 
voltages is preserved after the fre- 
quency conversion (see Appendix). 

This simple and efficient method has, 
however, a serious drawback. In case 
of frequency instability of the measur- 
ing and local oscillator signal, the fre- 
quency output of the mixer will shift, 
resulting in an error of measurement 
or complete disappearance of the a-f 
signal due to the narrow bandwidth of 
the tuned a-f amplifier. This difficulty 
is completely eliminated with a method 
whereby the difference of the two fre- 
quencies is constant, regardless of the 
measuring frequency. Such a method 
has been developed and tested. It will 
be referred to as the Single Side Band 
(SSB) measuring technique. 


Principle of Operation of the 
SSB Technique 


The block diagram of the system is 
shown in Fig. 4. The SSB exciter gen- 
erates two voltages whose frequencies 
differ by a constant amount. (A descrip- 
tion of the SSB exciter is given later.) 
Since the SSB exciter operates at fixed 
frequency in the experimental equip- 
ment and measurements have to be 
made at a wide frequency range, fre- 
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Fig. 3—Block diagram for transistor measurement, using the two-channel super- 


heterodyne receiver. 
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Fig. 5 — Block diagram of SSB exciter. 


quency conversion was used to generate 
the different measuring frequencies. 
Thus the SSB-exciter-frequency-convert- 
er combination serves the same purpose 
as the two r-f generators shown in Fig. 
3: ie., they generate two frequencies 
with a constant difference in a given 
frequency range. One of the signals is 
used for the measurement, while the 
other corresponds to the signal of the 
local oscillator shown in Fig. 3. The 
two-channel receiver is identical to the 
one already described. 

It should be noted that this measur- 


R-F 
omplifier 


Poir of A-F VTVM 


I6- ke Add 
oscillator circuit 


Cathode 
follower 


5 mc + 16 kc [90 deg 


Output IL: 
5mc + !6kc 
to test device 


ing system can operate at any fre- 
quency because the constant frequency 
difference is always maintained by the 
SSB exciter and is not changed by the 
frequency conversion. The accuracy of 
the measurement is affected by the 
stray signals caused by cross-channel 
coupling; therefore, this coupling must 
be kept at an absolute minimum. 

e The SSB Exciter. The block dia- 
gram is given in Fig. 5. The crystal 
oscillator generates a 5-me signal which 
is applied to the cathode follower and 
to the 90-deg phase-splitter. The cath- 
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To local oscillator 
of two-channel 


receiver 
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| 
— ohielding 


| 
. | 
ode follower separates the external load | 
from the oscillator and provides a low | 
output impedance. The signal from the 


To input of 
cathode follower is used as local-oscil- 


test device 


amplifier 


: : f-2 +5.016 mc 
lator signal for the two-channel receiver y 


(Fig. 4). Two equal-amplitude voltages 
with a phase angle of 90 deg are pro- 
duced by the phase-splitter. A similar 
procedure is followed with the 16-ke 
signal (generated by the 16-kc oscil- 
lator) which also is split into two equal- 
amplitude signals shifted 90 deg with 
to each other. Both the 5-mc 
r-f and the 16-ke a-f signals are ap- 
plied to the proper balanced modulator. 
The results of the modulation are the 
sum and difference frequencies or side- 
bands (5 mc + 16 ke and 5mc—16 kc) 
at both balanced modulators. The 5-mc 


Fig. 6 — Block diagram of the two-channel frequency converter. 


Table | — Output Voltages of Frequency Converter 


Freq of 
meas. signal, 


Output of 
meas. signal, 


Freq of | 
local oscillator 
mc | signal, me 
12.016 12 
22.016 22 
32.016 : 32 
42.016 42 
52.016 ; 52 


Output of 
local oscillator 
signal, volts 


Freq of 
converter 
oscillator, mc 


respect 


carrier frequency is suppressed in the 
balanced modulator circuits. The phase 
angles between the identical side bands, 
which originated from the two balanced 
modulators, are of such a nature that, 
after a simple addition in the common 
tuned circuit, one side band is cancelled 
while the other has the amplitude of 
each of the original voltage components. 
The net result is a single-frequency out- 
put; this signal is one side band of the 
modulated r-f signal. Hence the name: 
Single Side Band technique. 

It can be seen that one output signal 
of the SSB exciter always has the same 
frequency difference with respect to the 
5-me r-f signal as the frequency of the 
a-f oscillator, namely, 16 ke in the ex- 
perimental equipment. If the a-f oscil- 
lator has a frequency instability of 
10-*/deg C, the frequency change due 
to instability is: 16 kc & 10-? = 0.016/ 
deg C with respect to the 5-me signal. 
In the case of two separate r-f oscilla- 
tors and of the given instability, the 
frequency change would be 2 & 5 mc 
xX 10-°/deg C = 0.01 mc/deg C in the 
worst condition. 

The output voltages of the SSB ex- 
citer are, for output I, V,; = 3 volts 
rms, f, == me; for output II, V, 0.2 
volt rms (with 100-2 termination), f, 

= 5.016 me. 

e The Frequency Since 
the SSB exciter delivers a fixed fre- 
quency of 5 mc, frequency conversion 


Converter. 


is necessary to produce other operating 
frequencies. During the conversion, the 
fixed difference between the local oscil- 
lator and measuring signal must be 
maintained. This requirement  elimi- 
nates the possibility of using harmonic 
frequency multiplication, since the fre- 
quency difference between the measur- 
ing and side-band frequencies will also 
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4905 
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Fig. 7 — R-f amplification and conversion stages of the two-channel receiver. 


be multiplied. If the frequencies are 
f, and f, and the factor of multiplica- 
tion is n, the difference of multiplied 
frequencies is: 


nf, + fe) — nfr = nfo 


To avoid this dependence on _ n, 
heterodyne-type frequency conversion 
has to be used. If the frequencies of the 
SSB exciter are f,,, f,. and f,, and if 
the frequency of the oscillator of the 
converter is f,., then the difference be- 
tween the output frequencies of the 
converter is: 


[fre + fn + fa)] i (fr + fn) = Se 


Heterodyne conversion does not alter 
the frequency difference of two signals. 
The block diagram of the frequency 
converter is shown in Fig. 6. The 
operating frequencies of the converter 
are fixed, so that fixed tuned resonant 
circuits can be used. The local oscilla- 
tor of the converter is working at fre- 


quencies lower than the desired output 
frequency for better rejection of the 
oscillator signal in the resonant output 
circuits. The operating frequencies and 
output voltages are shown in Table I. 

e The Two-Channel Receiver. The 
two-channel receiver is the measuring 
unit of the whole system; it is a com- 
plex voltage ratio meter that works with 
the signal generating unit consisting of 
the SSB exciter and the frequency con- 
verter. 

The block diagram is given in Fig. 7. 
The wide-band amplifier separates the 
mixer and the local oscillator signals 
from the test device and provides a gain 
of 1.5 to 2. The mixer circuit converts 
the r-f signal to a 16-ke a-f signal which 
is selected from the other conversion 
products by the tuned output circuit of 
the mixer. The phase-adjusting network 
cancels the phase variations caused by 
the inevitable slight differences between 
the two channels. The following stages 


ELECTRO-TECHNOLOGY 





MODEL 


SC 32-0.5 
SC 32-1 

SC 32-1.5 
2SC 32-1.5 
Dual Output 
SC 32-2.5 
SC 32-5 

SC 32-10A 
SC 32-15A 
SC 60-2 
SC 60-5 
2SC 100-0.2 
Dual Output 
SC 150-1 


TRANSISTORIZED 
DESIGN GROUP 


oc 
OUTPUT 
VOLTS 


0-32 

~ 0-32 
0-32 
0-32 
0-32 

0-32 
6-32 
0-32 
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0-150 


REGU- 
LATION 


DC 
OUTPUT 
AMPS. 


So 
° 
o 


i 


— le 
ou ou 


7 
nw 
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‘ 
i! 
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oO 


SC 300-1 0-300 | 0-1 


0-18 | 0-0.5 
0-18 | 0-1 


SC 18-0.5 
SC 18-1 -18 | 0-1 
SC 18-2 0-18 0-2 


SC 18-4 0-18 | 0-4 
SC 36-0.5 0-36 0-0. 
SC 36-1 6 | Ol 
SC 36-2 


SC 3672-0.5 
SC 3672-1 


22.5-32.5[ 0-1 
32.5-42.5| 0-1 


SM 325-0.5 
*0.01% REGULATION AVAILABLE 


any 


OUTPUT 
VOLTS 


MAGNETIC 
DESIGN GROUP 


REGU - 
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DC 
OUTPUT 
MODEL AMPS. 


KM236-15A] 0.1.36 


KM236-30 
KM236-50 


0-30 


0.5% 
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KM 252 
KM 253 
KM 254 
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5-35 |12A or 240 W. 
“6A or 240W. 
4A or 240W. 


60-180 | 2A or 240 W. 
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800B | +1 
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OUTPUT 
VOLTS 


0-600 
#2 0-600 
Parallel 
1&2 
0-600 
Series 1&2 
0-1200 


#1 0-450 
#2 0-450 
Parallel 
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0-450 
Series 1&2 


0-900 


#1 0-400 
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Bias 
Parallel 


2 
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0-800 | 


_ 
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#3 
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Parallel 
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0-150 Bias 


400B 


0-150 Bias 


0-600 
0-150 Bias 


a ~“ “ 
a Ses 
a ao 
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0-200 ma. 


0-400 ma. 
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0-150 ma 
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0-150 ma. 


0-75 ma. 
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0-150 ma 
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600 ma 
600 ma 


300 ma 
300 ma 
300 ma 
300 ma 


— 
th 
u 
2 
~ 


| 


a 


oui Oty or 
3/3/3 


295-450 25 ma. 


: 


T 
TO 
0 


0.004% 





DESIGN Trends 


provide a-f amplification so that, with 
a minimum r-f signal of one millivolt 
at the input of the test transistor, a 
minimum signal of 300 millivolts a-f 
is supplied to the input of the phase 
meter. Hewlett-Packard Type 400 AB 
vacuum-tube voltmeters are 
measure the voltages as well as to 
amplify the a-f signal. By identical con- 
struction of the amplifiers, the neces- 
both channels is 


used to 


sary symmetry of 
maintained. 

Slight variations in the characteris- 
tics of the two-channel receiver are 
eliminated by the above-mentioned 
phase adjustment and by the gain ad- 
justment in the transistor amplifier. 

e Performance of the SSB System. 
The accuracy of measurement with the 
SSB system is influenced by several 
factors: 


1. Presence of spurious 16-ke signals in 
the receiver which are not the result of the 
mixing of the oscillator and input signals 
injected in the proper channel. These un- 
desired signals are generated by (1) im- 
perfect suppression of the 5-mc carrier and 
the 5-mc-16-ke undesired side band in the 
SSB exciter, (2) cross-channel coupling in 
the frequency converter and in the two- 
channel receiver, and (3) inadequate sup- 
pression of the 5-mc signal in the tuned 
circuits of the frequency converter. 

Cross-channel coupling can be minimized 
by adequate shielding, filtering of supply 
voltages, and LC networks between the 
channels. The larger the ratio of measured 
voltages, the larger the error caused by 
cross-channel coupling. 

2. Noise in the two-channel 
This causes an error in a manner similar 
to the cross-channel coupling. 

3. Component aging. Instability of sup- 
ply voltages may result in a change of gain 
and phase shift in the proper channels. 

4. Frequency dependence of the input 
impedance of the two-channel receiver. The 
input impedance decreases with the in- 
crease of frequency. At 52 mc the input 
impedance is approximately 10 k ohms, 
10 pf. This impedance may load the output 
of the transistor if the output impedance 
same order of 


receiver. 


or termination is of the 
magnitude. The operating characteristics 
of the experimental SSB measuring system 
are given in Table II. 


Jigs for Transistor Measurements 

The jigs provide the measuring cir- 
cuit, d-c bias for the tested transistor, 
and the connection to the input of the 
two-channel receiver. Stray capaci- 
tances and inductances introduced by 
the jig into the measuring circuit should 
be kept to a minimum. To reduce stray 
capacitances, all parallel leads were 
avoided. Decrease of inductances was 
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Table I1— Operating Characteristics of the SSB Measuring System 
nS 


Signal-generating section 


Operating frequency range 


Output voltage of the measuring signal 
(output IT) 

Output voltage of the local oscillator 
signal (output I 

Frequency difference of the two output 
voltages 


Measuring section 


Operating frequency 

Minimum measurable r-f signal at the 
input of the two-channel receiver 

Maximum measurable ratio of the two 
unknown voltages 

Accuracy in voltage ratio reading 


Phase angle range 
Accuracy in phase angle measurement 


: 


Fig. 8 
(ho,;) measurements. 


achieved by using strips instead of 
wires in the r-f portion of the jigs. 
Good results were obtained by the use 
of printed-circuit techniques. A simple 
jig circuit for the measurement of in- 
put impedance and current-gain is 
shown in Fig. 8. The 10 k ohm re- 
sistors and the 0.1 yf capacitors de- 
couple the test circuit from the d-c 
power supplies. Wideband input trans- 
formers are used in the jigs of the 4 

Yoo, h,, and current-gain measurements. 
The R, 
~l1 per cent tolerance high-frequency 
important be- 


sensing resistors are 0.5 ohm, 


resistors. Accuracy is 


APPENDIX 


Mathematical Analysis of Operation of Two-Channel Receiver 


The two r-f voltages are: 
Dr Vr) SIN wrt 
Ure re Sin (wl + @) 


These two voltages are connected to 
the input of two identical frequency 


5 to 52 mc at fixed frequencies of 5, 12, 
22, 32, 42, 52 mc 


0.1 to 2.6 volts rms 
1.6 to 4.0 volts 


16 ke constant 


5 to 52 mc continuous 
1 millivolt rms 


30 db 

Depends on the voltage, voltage ratio 
and phase angle 

+ 180 deg 

+ 5 per cent 


nput impedance 
current gain 


"2 


Circuit diagram of the jig used for input impedance (h1;) and current gain 


cause the absolute value of the meas- 
ured parameters is proportional to that 
of the sensing resistor, and the meas- 
ured phase angle is affected by the 
high-frequency characteristics of the 
resistor. 

The capacitors, C, in series with the 
R, sensing resistor, should have a re- 
actance much less than the value of 
R.. Special care is necessary to mini- 
mize the lead length of these capacitors, 
because the lead inductance, together 
with the capacitor, makes a series-tuned 
circuit that has an inductive reactance 
above the resonant frequency. OOO 


converters driven by a common local 
oscillator, whose output voltage is: 


vi = 0; SIN wil 


(Continued on page 132) 


ELECTRO-TECHNOLOGY 





AVAILABLE NOW 
LS 
PRODUCTION 


« the highest r-f operating 


CTY 
the fastest switching time 


PET Ue CCS Cg 


eee Mee 8y 


storage temperatures up 
to 100 C 


YOU CAN GET SPRAGUE* 
MADT’ TRANSISTORS AT SENSIBLE PRICES 


Sprague Germanium Micro-Alloy Diffused-Base 
Transistors, well-known for their rugged vhf perform- 
ance, are now priced below other transistors with com- 
parable electrical characteristics. In many areas, this 
permits designers to improve circuit techniques with- 
out necessarily increasing costs. Expanded production 


facilities enable us to ship quantity orders on short notice. 


Add to this their ultra-fast switching time, and you 
have three good reasons why Sprague MADT® Transis- 


tors have achieved their high level of acceptance. 

With Sprague Transistors, circuits in vhf amplifiers 
and oscillators can now operate with collector cur- 
rents as high as 50 ma... with power dissipation up 
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military electronics vhf spectrum. 
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Frequency 
converter 


anne 


Block diagram of the conversion stages 
of the two-channel receiver. 


The output current of Channel I: 


lout 1 = Kyv + Kav, + Kyvpav; 
Ky, sin? wf + Kov*; sin? wil 
+ Kr 09 Sin wt sin wil 


= Ky" sin wf + Kev; sin wil 


lout 1 


lout 1 


+> Ksrnvi [cos (w, — wi) t 


—cos (we + wy) t] 


The output current of Channel II: 


I. ut2 => Kw T Kav; a” K3v-vi 
Kyv2. sin? (wf + ¢) 

+ K ov,” sin? wil 

+ K vv; sin (wf + ¢) sin wil 


lout 2 = 


= Ky,v",. sin? (w,t + ¢) 
+* Kev; sin? wil 


+ — Kypav; [cos (wrt 


cos (w,t + wil t ¢)) 
The output currents produce the out- 


put voltages V,,,,, and V, across 


Instrument Motor Temperature-Rise Factors 


ROBERT MATTHEWS, Chief Engineer 
Holtzer-Cabot Motor Div. 

NATIONAL Pneumatic Co., INc. 

Boston, Mass. 


SUB-FRACTIONAL HORSEPOWER motors 
are used extensively in servomechan- 
isms and other instrument applications 
where long service life is important. A 
prime factor in service life is tempera- 
ture. NEMA has published tempera- 
ture standards for various classes of 
insulation. For example, the total am- 
bient operating temperature for instru- 
ment motors with Class A insulation 
sheuld not exceed 105 C. While opera- 
tion at temperatures under 105 C is de- 
sirable and increases life, it is not usual 
to design for this. The 105-deg level 
gives satisfactory life without imposing 
difficult design problems. 

The temperature rise in the windings 
of the instrument motor is under con- 
trol of the equipment designer. Three 
factors affect this rise: 


power input to the control and refer- 
ence windings 

2. duty cycle of the motor 
method of mounting the motor in the 
equipment. 


For proper selection of the motor and 
to minimize temperature rise, all of 
these factors must be known and evalu- 
ated. 

Tests were conducted on the Holtzer- 
Cabot RBT-2407 motor, a widely used 
two-phase reversible induction motor 
of the alternating-current servo type. 
Motors were tested in a special non- 
conducting frame without a mounting 
plate or instrument case to act as a 
heat sink. This is, 
condition. 


of course, a severe 
Temperature rise can be 
greatly minimized by proper mounting 
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procedure. Tests, except speed-torque, 
were conducted with the rotor locked, 
and temperature rise in the windings 
was determined from the change in 
electrical resistance of the wire. 

The RBT-2407 is a servo motor and 
thus has both a fixed and a control 
winding. Wire sizes are the same in 
both. Since, in actual use, the fixed 
winding is continuously energized while 
the control winding is energized only 
during re-balancing, the temperature 
tise in the former was the one meas- 
ured. The difference in temperatures 
between the two is never more than a 
few degrees, however, since they are 
thermally well connected. 

Figure 1 shows temperature rise vs 
on-time at various power levels with 
equal power applied to both the con- 
trol and the reference winding. It can 




















Fig. 1 — Shown, for various power levels, 
is the relation between temperature rise 
and operating time, Holtzer-Cabot RBT- 
2407 two-phase induction motor. Tests 
were continuous operation, locked rotor, 
with equal power in control and fixed 
windings. 


the load impedance of the converter 
(mixer) tubes. The load impedance is 
an audio-frequency tuned circuit; there- 
fore, it selects the difference-frequency 
component which is an audio frequency 
and equal to the resonance frequency 
of the tuned circuit. 
The output voltages therefore are: 


hoe : 
= K 30 ri0] Zz cos (wr 


wi) t 


Vout 1 


Your? = : K3v,2v; Z cos [(w, 


wi) t + ¢$] 


where Z is the resonant impedance of 
the tuned circuit. 

The inspection of these formulas of 
Voyt indicates that the audio-frequency 
output voltages are propor- 
tional to the r-f input voltages as the 


directly 


phase angle between the voltages re- 
mains unchanged. 








Fig. 2—Speed-torque curves for RBT- 
2407 motor, for equal power in two 
phases, and with reduced control-winding 
power and control-winding power in- 


creased to maintain motor performance. 


be seen that the rise tends to level off 
after about two hours of continuous 
duty. Assuming an ambient of 20 C 
and an in-case rise of 20 C, this 40-deg 
total subtracted from the 105-deg limit 
leaves a 65-deg allowable rise in the 
windings. Only the 5 and 10 watt in- 
puts produce a rise less than the allow- 
able limit. 

Instrument-design engineers usually 
try to design for minimum control 
winding power to reduce the size of 
the amplifier. This can be overdone, 
however, since the motor operates most 
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1 Sylvania Decade Counter Tubes combine actuating 
and direct visual readout capabilities. (Visual informa- 
tion is obtained by observing a sharply defined ion glow 
moving around a common anode on a peripheral ring of 
30 cathodes.) 2 This significantly reduces circuitry and 
component requirements, 3 enables compact design, 4 
enhances circuit reliability, 5 reduces equipment costs. 


Further, Sylvania Counter Tubes feature 6 ‘‘add-sub- 
tract” capabilities, 7 low power requirements, 8 com- 
paratively low cost. They offer 9 improved performance 
under standby operation, 10 reliable long life. (As 
assurance, large samples are tested under standby con- 
ditions, thermal and mechanical shock conditions, and 
cycled life operation. ) 


Have a design problem? Count on your Sylvania Sales 


Engineer for full data and engineering assistance. For 
the informative Decade Counter Tube Handbook, con- 
tact your Sylvania Industrial Tube Distributor or enclose 
15¢ to Electronic Tubes Division, Sylvania Electric 
Products Inc., Dept.1101, 1100 Main St., Buffalo 9, N. Y. 
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efficiently when the control and fixed 
inputs are equal. A much larger in- 
crease in fixed power than the decrease 
in control power is required to maintain 
motor operating characteristics. Figure 
2 demonstrates this point. To maintain 
approximately the same performance 
achieved by a balanced input of 8 watts 
on each winding (a total of 16 watts), 
with just 4 watts on the control wind- 
ing, 17.5 watts are required on the 
fixed winding, a total of 21.5 watts. 
This means that the instrument designer 
must weigh the greater temperature 
rise caused by higher total input power 
against size and cost of the amplifier. 

In some cases, accepting a drop in 
motor performance is the only solution. 
Figure 3 shows how the speed-torque 
characteristics fall as the two inputs 
become more unbalanced. 

Intermittent Duty. The foregoing data 
have dealt only with a continuous-duty 
motor. In actual practice, intermittent 
duty is encountered more often. The 
curves in Fig. 4 show the temperature 
rise for 30-sec and 15-min cycles. Both 
the control and fixed windings were 
cycled. As with the continuous-duty 
curves, the cycling curves tend to level 
off about an average value after ap- 
proximately 2 hr operation. For design 
purposes, a duty cycle of a half hour 
or more should be treated the same 
as continuous operation, since the rise 
approaches the continuous-duty stabili- 
zation temperature. 

Effects of Mounting. The preceding 
tests were run on a stand with no 
physical contact between the motor 
housing and a good heat-conducting 
surface. Additional tests were then run 
with the motor mounted on 8-in. and 
12-in. sq aluminum plates, 14-in. thick. 
Good physical contact between the 
motor end cap and the plates was 
achieved. 

With the 8-in. plate, a rise of 39 
deg occurred; with the 12-in. plate, the 
rise was 33 deg. These compare with 
a “no-plate” rise of 57 deg, showing 
that contact with a good heat sink can 
reduce the rise by approximately 20 to 
25 deg. Referring to Fig. 1, this reduc- 
tion would permit a 15-watt total power 
input—50 per cent higher than before. 
Whenever possible, the design should 
include good metal-to-metal contact be- 
tween the motor housing and the equip- 
ment. Complete physical contact be- 
tween the end plate and heat sink has 
been found to be unnecessary, however. 
A 3/16-in. contact strip around the 
edge of the end plate dissipates heat 
almost as well as full contact. This is 
to be expected, since the sources of 
heat, the windings, are near the outside 
of the housing. 
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Fig. 3—Speed-torque curves for RBT- 
2407 motor, for decreasing control-wind- 
ing power with constant total power. 


PO 


If optimum mounting still does not 
keep the total rise below 105 C, other 
solutions must be sought. Forced venti- 
lation is one possibility. Another is to 
higher rated 
slightly higher cost. Class B insulation, 
for example, is rated for a total ambi- 
ent of 125 C, while Class F is rated 
for 155 C. Continuous improvements in 
insulating materials may further in- 
crease this limit, but lubricant evapora- 
tion may then become a problem. Close 
cooperation between the instrument de- 


specify insulations — at 


signer and the motor manufacturer 


then becomes even more important. 
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Fig. 4— Tempera- 
ture rise, wind- 
ings, of RBT-2407 
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motor with 20 
watts balanced in- 
put and inter- 
mittent duty cycle. 


























R-F Level Calibration Console 


MEASUREMENTS of r-f signal generator 
output level in the microvolt range are 
facilitated by a calibration console de- 
veloped by the National Bureau of 
Standards for its Electronic Calibration 
Center. 

The console speeds the instrument 
calibration service by grouping all 
needed components and providing com- 
prehensive switching arrangements. 
Ten frequencies from 30 ke to 400 me 
Output 


microvolt to 0.1 


are available at the console. 
range from 1] 
volt while overall accuracy of measure- 
ment is 2 to 5 per cent, depending on 
frequency. Magnitude of the unknown 
r-f voltage output of the signal genera- 
tor to be calibrated is determined by 
comparing it with the standardized out- 
put of r-f micropotentiometers. 

More detailed information on this 
calibration technique may be obtained 
from the following bibliography: 


levels 


“R-F Voltmeter Calibrating Consoles,” M. 
C. Selby, L. F. Behrent and F. X. Ries, 


IRE National Convention Record, 5, 251, 
1958. 

“Accurate R-F Microvoltages,” M. C. 
Selby, AIEE Communication and Elec- 
tronics, 6, 158, 1953. 

‘Fabrication of Radio-Frequency Micro- 
potentiometer Resistance Elements,” L. 
F. Behrent. NBS J. Research, 51, 1, 
1953 (RP2426). 


‘ 
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e} HIGH DIELECTRIC 
® STRENGTH 


1000 volts per mil, excellent resistivity, low dielectric 
loss and maximum stability of electrical properties 
under practically all atmospheric conditions — these 
are but a few of the reasons why Macallen Built-Up 
Mica is one of the best insulating materials avail- 
able today. 


And Macallen Built-Up Mica is tough! It 
withstands extremely high temperatures. It won’t 
burn. 


Macallen Built-Up Mica is also versatile. It 
comes in many forms — from tubes, tapes to 
sheets — and in many sizes. It can be made 
flexible or rigid; given varying degrees of hard- 
ness, compressiveness or physical strength. It 
can be made for punching, drilling, sawing, 
or molding. 


No other material has all the electrical insula- 
tion qualities of mica. And no one knows how 
to make better use of them than Macallen. Find 
out how Macallen Built-Up Mica can solve 
your insulation problems. Write for Catalog 26 
today. No charge or obligation. 


Wi 


fej? 


The first name in mica 
| A for more than 60 years. 
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For the most in mica — specify Macallen... \| | 


Y 


1 | 

THE MACALLEN COMPANY MI 
Bay Road * Newmarket * N.H. 
Chicago: 565 W. Washington Blvd.+ Cleveland: 1231 Superior Avenue, N.E. 
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WOULD 30 DAY DELIVERY 
HELP? Ther call Helipot. We'll 
deliver BECKMAN® Panel Meters...in a 
variety of styles, shapes and models... 
within 30 days after receipt of your 
order. Specials may take 45 days. 

Fact is, quick delivery and customer 
service go along with every BECKMAN 
meter... voltmeters, ammeters, milliam- 
meters, and microammeters...in sizes 
ranging from 2%” to 4%”. 

Best of all, they are excellent meters 

..and we can prove it! A Certified Test 
Report (which you may have for the 
asking) gives details of rigidly con- 
trolled tests conducted to find out just 
how good our meters are. In all cases, 
units tested met or exceeded MIL-M- 
10304A. Like we said: they are excellent 
meters. 

Clearly, if you need panel meters, call 
Helipot. Delivery is dependable, quality 
is excellent, and the price is right. The 
other things we could say in favor of 
these meters are contained in the latest 
meter Data File. Send for it: your 
meter problems will be solved. 


oe 


1) 2) 3 

8, 9/10 
11\12 13/14 mh 17 
18/19 20 21/22/23 24 
25/26 27 28 29 30 


Renieeert ae, lipot’ 


POTS : MOTORS : METERS 
Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 


© 1961 6.1.1. 61104 
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1960 Miniaturization Awards 
Planned 


The annual inter-industry miniaturiza- 
tion competition honors the individual, 
company or organization who, in the 
opinion of the judges, has made the 
years most significant contribution to 
furthering the concept of miniaturiza- 
tion. 

An illustrated brochure, now avail- 
able, contains history and purposes of 
the award, criteria used in judging, 
and information on entering the com- 
petition, sponsored by Miniature Pre- 
cision Bearings, Inc. Copies may be 
obtained from Horace D. Gilbert, 
Chairman of Miniature Awards Com- 
mittee, Box 604, Keene, N. H. 

Deadline for receipt of entries is 


January 10, 1961. 


Instrumentation Meeting 
Cancelled 


The Symposium on Space Instrumenta- 
tion scheduled to be held in Washing- 
ton, D. C., on January 16-17, 1961 has 
been cancelled. 


Plastics Engineers Meet 


The following sessions of the Annual 
Technical Conference of the Society of 
Plastics Engineers, January 24-27, may 
be of interest to readers of Electro- 
Technology: 

Morning Session 3, January 24— 
Electrical Insulations (Moderator: 
Alex. E. Javitz, ELectro-TECHNOLOGY) ; 
Evening Session 9, January 24—Ther- 
mosets, New Materials Data; Morning 
Session 10, January 25—-Polymer Prop- 
erties 1; Afternoon Session 14, January 
25—Heat-Stable Polymers; Morning 
Session 17, January 26—Polymer Prop- 
erties I]; Afternoon Session 21, January 
26—Stability of Polymers. 

This seventeenth annual conference 
will be held at the Shoreham and 
Sheraton-Park Hotels, Washington, 
D.C. 


Reynolds to Head Plastics 
Engineers 


Frank W. Reynolds, manager of IBM’s 
Plastics Laboratory at Endicott, N. Y., 
has been elected the 1961 president of 
the Society of Plastics Engineers. 


NEMA Elects Officers for 1961 


A. D. R. Fraser, president of Rome Ca- 
ble Div., Aluminum Company of Amer- 
ica, Rome, N.Y., has been elected presi- 
dent of the National Electrical Manu- 
facturers Aesia iation for 1960-61. He 
succeeds N. J. MacDonald, president of 
The Thomas & Betts Company, Inc., 
Elizabeth, N.J. W. R. Persons, presi- 


dent of The Emerson Electric Manu- 
facturing Company, St. Louis, was 
elected vice president of the associa- 
tion, and A. E. Pringle, II, president, 
The Pringle Electrical Manufacturing 
Company, Philadelphia, was elected 
treasurer. 

Mr. Fraser joined the Rome Cable 
organization at its formation as secre- 
tary and a director. He is a member of 


the board of directors of the NEMA 
Wire and Cable Division. 


Call for Military Electronics 
Papers 


Papers presenting original work are 
invited for the Fifth Nationa] Conven- 
tion on Military Electronics to be held 
in Washington, D. C. on June 26-28, 
1961. 

Suggested topics include current 
problems of space technology, data 
handling systems, guidance and control, 
electronic propulsion, operational an- 
alysis and reliability. Three copies of 
a 750-word abstract, author’s name, 
position, and biographical sketch 
should be sent to Harry Davis, SAFRD, 
The Pentagon, Washington 25, D. C 
not later than February 1, 1961. 


Relay Conference Papers 
Compiled 


A publication incorporating all papers 
presented at the Eighth Annual Relay 
Conference held in Stillwater, Okla- 
homa, May 3-5, 1960 is available. 
“Electro-Magnetic Relays: Compilation 
of Papers Presented at the Eighth An- 
nual Relay Symposium at Stillwater” 
can be obtained by writing to Charles 
F. Cameron, National Association of 
Relay Manufacturers, Box 6, Stillwater, 
Okla. 


Potentiometer Makers Form 
Association 


David McNeely, manager of the Helipot 
Division of Beckman Instruments, Inc., 
has been elected president of the Pre- 
cision Potentiometer Manufacturers’ As- 
sociation, an organization formed to 
maintain quality standards and to en- 
courage standardization of ratings, 
nomenclature, test procedures and test 
equipment in the potentiometer indus- 
try. At the present time, the organiza- 
tion has a national membership of 25 
firms engaged in manufacture of pre- 
cision potentiometers. 


Industrial Designers Name 
President 


Raymond Spilman, principal in the de- 
sign firm of Raymond Spilman, New 
York, has been elected president of the 

(Continued on page 139) 
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NEW Allen-Bradley Relay 
with EXCLUSIVE 


Permanent Magnet Latching 


Saves Panel Space 


Gi 
of 


ves Millions 
Trouble Free 


Operations 


Holds Closed Without 
Coil Current 


Two to Six Poles 


Here’s a completely new “‘latching”’ relay — which does not use a mechani- 
cal latch! It is the Bulletin 700 Type BRM—built to provide the same 
millions of dependable operations you get from all Allen-Bradley’s indus- 
trial relays. A ‘‘built-in’”’ permanent magnet eliminates the mechanical 
latch and the usual troubles caused by mechanical linkages. 

When the coil of the new Bulletin 700 Type BRM relay is energized, 
the relay closes and is held closed after the coil circuit is opened—by a 
permanent magnet. Energizing the coil in opposition to the permanent 
magnet field opens the relay. The correct polarity for operation of the 
relay is obtained from silicon diodes held within the molded coil cover. 
With no “piggy-back”’ additions out in front, and no ‘“‘extra’’ solenoids 
below, the Type BRM relay saves valuable panel space. 

These A-B Type BRM relays also feature a continuous duty coil that 
permits the current to be left on, if desired. As with all Allen-Bradley 
relays, the double break, silver contacts never need attention. And the 
contacts of these new magnetically latched relays afford the same 60- 
second convertibility of the popular Bulletin 700 Type BR relay. 


For latching relay service, it will pay you to investigate this new and 
completely different relay. It provides the usual Allen-Bradley quality! 


ALLEN -BRADL 


Member of NEMA 


Bulletin 


700 


Can be latched 
or unlatched by hand 


1% m7 Tee 4 
MOTOR 


CONTROL 





Four simple steps 
to contact changeover 


Total time—not more than 60 seconds 


Converts from 
N. O. to N.C. (or vice versa) 
in 60 SECONDS! 


You’ll be truly amazed at the ease of converting the con- 
tacts ou these Allen-Bradley Bulletin 700 Type BR 
relays. Using only a screwdriver, as shown above, the 
contacts can be changed from N.O. to N.C. (or vice 
versa) in four easy steps—that take only 60 seconds! 
Such convenient flexibility is a ‘“‘natural’’ for reducing 
relay inventories. 


The Type BR relays are built to provide many mil- 
lions of trouble free operations. With the built-in per- 
manent air gap, magnetic sticking is impossible. And 
the molded coil is impervious to all harmful atmos- 
pheres. Of course, the double break, silver contacts 
never need attention. If you use relays, there are money 
savings for you in the Type BR relay line! 


AUXILIARY 
CONTACTS 
EASILY ADDED 


Type BR relays are available with 2, 3, 4, or 6 poles— 
but as a valuable bonus, one or two fully rated poles 
can be added to the base of each relay—even in the 
field. It's a simple addition that takes only moments. 


ALLEN-BRADLEY J woror" 


Member of NEMA 


CONTROL 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. © In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 





Jan. 8-12—Symposium on Thermo- 
electric Energy Conversion (spon- 
sored by AIEE, American Nuclear 
Society, American Rocket Society, 
ASHRAE, Dept. of Defense, Elec- 
trochemical Society, IRE and Metal- 
lurgical Society of AIME), Statler- 
Hilton Hotel, Dallas, Texas. 


Jan. 9-11—National Symposium on 
Reliability and Quality Control 
(sponsored by AIEE, ASQC, IRE), 
Bellevue-Stratford Hotel, Philadel- 


phia. 


Jan. 17-19—ISA Winter Instru- 
ment-Automation Conference & Ex- 
hibit, Sheraton-Jefferson Hotel, Kiel 
Auditorium, St. Louis, Mo. 


Jan. 24-27—Annual National Tech- 
nical Engineering Conference (spon- 
sored by Society of Plastics Engi- 
neers) , Shoreham Hotel, Washington, 
DAS. 

Jan. 31-Feb. 2 — Eighth Annual 
Cleveland Electronics Conference, 
Cleveland Engineering & Scientific 
Center, Cleveland, Ohio. 


Feb. 1-3 — Convention on Military 
Electronics (sponsored by IRE), 
Biltmore Hotel, Los Angeles. 


Feb. 7-9—Annual Society of the 
Plastics Industry, Reinforced Plas- 
tics Division Conference, Edgewater 
Beach Hotel, Chicago. 


Feb. 13-16—American Society of 
Heating, Refrigerating and Air Con- 
ditioning Engineers, Semi-Annual 
Meeting and Exposition, Conrad- 
Hilton Hotel, Chicago. 


Feb. 15-17 —International Solid- 
State Circuits Conference (spon- 
sored by AIEE and IRE), Univer- 
sity of Pennsylvania and Sheraton 


Hotel, Philadelphia. 


American Society of Industrial Design- 
ers. The 230-member national profes- 
sional organization provides a means 
for practicing industrial designers to 
cooperate in maintaining standards of 
ethics and professional performance 
and in fostering education in the field. 


NRC Conference on Electrical 
Insulation Elects Officers 


New officers for 1960-61 have been 
elected by the Conference on Electrical 
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MARCH 
SMTWTFS 


March 9-10— Second Symposium 
on Engineering Aspects of Magneto- 
hydrodynamics (sponsored by AIEE, 
IAS and IRE), University of Penn- 
sylvania, Philadelphia. 


March 20-23 —IRE International 
Convention, N. Y. Coliseum and 
Waldorf Astoria Hotel, New York 
City. 

March 20-24—Western Metal Ex- 
position and Congress, Pan Pacific 
Auditorium and Ambassador Hotel, 
Los Angeles. 


March 27-31 — Third Symposium 
on Temperature: Measurement and 
Control (sponsored by American In- 
stitute of Physics, ISA, National 
Bureau of Standards), Veteran’s 
Memorial Hall and Deshler-Hilton 
Hotel, Columbus, Ohio. 


April 5-7—Symposium on Materials 
and Electron Device Processing 
(sponsored by ASTM), Benjamin 
Franklin Hotel, Philadelphia. 


April 17-19—National Symposium 
on Instrumental Methods of Analysis 
(sponsored by ISA), Shamrock- 
Hilton Hotel, Houston, Texas. 


April 19-21—SW IRE Regional 
Conference & Electronics Show, 
Dallas, Texas. 


April 23-26—ASME Metals Engi- 
neering Conference, Penn Sheraton 
Hotel, Pittsburgh. 


April 25-27—National Conference 
on Electromagnetic Relays (spon- 
sored by National Assoc. of Relay 
Manufacturers), Student Union 
Bldg., Oklahoma State University, 
Stillwater. 


April 26-28—Seventh IRE Regional 
Technical Conference and Trade 
Show, Westward Ho Hotel, Phoenix. 


Insulation (National Academy of Sci- 
ences-National Research Council) as 
follows: 

Chairman, S. I. Reynolds, General 
Electric Research Laboratory; Vice 
Chairman, Philip J. Franklin, Diamond 
Ordnance Fuze Laboratory; Secretaty, 
J. Sticher, Detroit Edison Company. 

Meeting dates for the next two years 
have been set as follows: 1961—Oc- 
tober 23-25, Pocono Manor, Pa.; 1962 
—October 15-17, Hershey, Pa. 


One Device 
Detects & Controls 


MULTIPLE 
SPEEDS 


@ ACCURATELY 
@ POSITIVELY 
ea aN 


SYNCROSNAP 
MULTI-TECTOR 


Syncro-Snap MULTI-TECTOR detects and 
controls as many as eight separate cir- 
cuits, and actuation can be accomplished 
on a high and low speed limit on each 
circuit. 


For instance, inter-related speeds on auto- 
matéd systems can be synchronized. Ma- 
chine tool speeds can be controlled as 
accurately as %4 of 1%. Speeds of various 
components in aircraft and missiles can 
be sequenced or synchronized. Separate 
drives on equipment, such as large print- 
ing presses, can be actuated at pre- 
determined speeds. A typical use is a four- 
stage MULTI-TECTOR on diesel engines 
which (1) cuts out cranking motor, (2) ac- 
tuates cooling circuit, (3) controls fuel 
requirements, and (4) signals full speed 
and “'too-low” speed. 

MULTI-TECTOR measures only 5” in diam- 
eter x 4” deep. Housing is standard to 
provide maximum economy. Individual 
Syncro-Snap switches used in the MULTI- 
TECTOR operate on speed alone, regard- 
less of voltage or load. They possess a 
life expectancy of 1.5 to 3 million cycles, 
with no signs of frictional wear and no 
variance in operating characteristics. 
Send requirements today for quotations. 


TORQ 


ENGINEERED PRODUCTS, INC. 


34 W. Monroe St. * Bedford, Ohio 
Phone: BEdford 2-4100 
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SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


orn COs} 


DYNACO 


DYNACOR, INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 


1008 WESTMORE AVENUE e 
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ROCKVILLE, MARYLAND | 


BOOK Reviews 


Edited by Atice Mary Hirton, Associate Editor 


Transistor Circuit Analysis and 
Design, Franklin C. Fitchen, D. 
Van Nostrand Company, Inc., Prince- 
ton (1960). 356 pages, $9.00. 

This very textbook, in- 

tended for the junior or senior level in 

a college electrical engineering course, 

will also be of value to the practicing 

engineer who requires background for 
practical applications. The first two 
chapters contain basic information on 
the physical construction and nature of 
the transistor and on 


satisfactory 


semiconductor 
physics in general. The transistor is 
then analyzed from the standpoint of 
its operating (bias 
points, load lines, etc.) and its equi- 
valent circuit before going into actual 
circuit-design applications. The latter 
include single-stage, large-signal, and 
multistage amplifiers; amplifiers, os- 
cillators, detectors, etc. for communica- 
and pulse circuits. 

— J.R.R. 


characteristics 


tions systems; 


Instrumentation in Scientific Re- 
search — Electrical Input Trans- 
ducers, Kurt S. Lion, McGraw-Hill 
Book Co., New York (1959), 324 
pages, $9.50. 

The author has accumulated and set 
down a wealth of extremely valuable 
information, the approach to which is 
improved by noting his own definitions 
of “instrumentation” and “input trans- 
ducers.” In the Introduction, he states: 
“The purpose of instrumentation is to 
obtain information about the physical 
or chemical nature of an investigated 
object or process, or to control an ob- 
ject or a process in accordance with 
such information.” He goes on, “All 
electrical instruments are composed 
from elements. In the sense used in this 
book, an element is a functional unit, 
a building block in a block diagram, 
which performs one particular task or 
which solves one particular problem. 
. .. In the field of electrical instrumen- 
tation one can distinguish three groups 
of elements: input transducers, modi- 
fiers, and output transducers.” This 
book treats the first of these three 
groups. Subsequent books, in what is 
apparently to be a series, will consider 
the other groups. 

The first, and longest, chapter deals 
with mechanical input transducers: 
those for linear dimensions, displace- 
ment or force, velocity or acceleration, 
pressure, flow velocity of liquids, and 
humidity. It is difficult to think of any 


that have been omitted and each is de- 
scribed as to its construction and opera- 
tion. Where important, transfer charac- 
teristics are given. Succeeding chapters 
deal with temperature, magnetic, elec- 
trical, and radiation transducers. 
—J.R.R. 


Electronics and Nucleonics Dic- 
tionary, Nelson M. Cooke and 
John Markus, McGraw-Hill Book 
Co., New York, 543 pages, $12.00. 

We believe that language is weakened, 
certainly not strengthened, by vague 
and excessively loose usage of words 
and phrases. This is particvlarly true 
in technical fields in which words may 
have complex meanings and connota- 
the general principle that “us- 
age” ultimately determines the validity 
of a meaning for a word is undeniable, 
but there is a strong constant tendency 
to abuse the principle. Flagrant misuse 
of a word, or persistent use of a word 
in a sense that is not logical should 
not be allowed to establish such usage 
or meanings. 

A dictionary should be an instrument 
to resist excessive looseness in diction 
and act as a practical ready reference 
for “accepted” usage in a given field. 
The usefulness of a dictionary, then, 
reasonably may be measured by at- 
tempting to use it for guidance in con- 
nection with words and phrases which 
tend to become confused. A “reader” 
or user of a dictionary might assume 
that, if nothing else, the book repre- 
sented the results of inquiry and inves- 
tigation by the authors, and that, in 
fields in which a dictionary might be 
needed most because they were active 
and fast-moving, the authors had ex- 
ercised selectivity and included most 
significant data to the exclusion of 
static, well known and accepted ma- 
terial. 

This present work does not measure 
up to these standards. To make a test, 
we recalled that recently we needed to 
identify the word “Magnesyn” and 
could have used a dictionary of the sort 
promised by the title of the present 
work. The Cooke-Markus dictionary de- 
fines “Magnesyn” in exactly the same 
way it defines “Autosyn,” that is, as a 
trademark for a line of synchros. Un- 
less the dictionary is intended to be 
of value to outright laymen, the fact 
is that to a user it is precisely the very 
real difference between a Magnesyn and 
a synchro (including an Autosyn) 
which might prompt their consulting 
a “dictionary.” Similarly, we are of 


tions; 
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ANACONDA uses covering of 


TENITE 
POLYETHYLENE 


for this lightweight, durable line wire... 


By covering this ACSR line wire with Tenite Polyethylene, Ana- 
conda meets the needs of both lineman and engineer. 

To the lineman, this covering means wire that is especially 
easy to handle—light in weight, fast stripping and flexible even at 
low temperatures. Its sleek finish creates no pulling problems. 

The engineer appreciates its resistance to weather, abrasion 
and heat, its good dielectric strength and freedom from festoon- 
ing. With insulation of tough Tenite Polyethylene, a smaller diam- 
eter is made possible which offers less area for wind resistance 
and ice loading. Also, the lighter cable permits wider pole spans. 

Tenite Polyethylene, an Eastman plastic, is easily extruded as 
jacketing or primary insulation for many diverse applications, 
from coaxials to control cables, from TV lead-ins to telephone 
wires. For high-frequency service, where a very low dielectric 
constant is needed, this versatile material may be ‘‘foamed,” with 
a resulting dielectric constant as low as 1.5. 

Leading wire and cable manufacturers throughout the country 
are now using Tenite Polyethylene as jacketing and insulating 
material. For further information, write EASTMAN CHEMICAL 
PRODUCTS, INC., subsidiary of Eastman Kodak Company, 
KINGSPORT, TENNESSEE. 


‘ x ® 


POLYETHYLENE 


an Eastman plastic 


@ Line wire manufactured by Anaconda Wire and Cable Com- 
pany, 25 Broadway, New York 4, N. Y. Covering extruded of 
Tenite Polyethylene. 


@ Both natural and black electrical grade Tenite Polyethylene are 
available to cable manufacturers in a unique spherical pellet 
form which flows freely in the extrusion process and in “air- 
veying” of bulk shipments from truck to bin. 
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Sub-Miniature 


MISSILE RELAYS 


The history of Dunco FC Relays is one of never 
ending development to keep these durable, 
subminiature units fully abreast of the steadily 
advancing missile and aircraft requirements. As 
a result, they are prominently identified with 
many of today’s most successful missile pro- 
grams. Continued engineering of every detail 
aims to keep them there tomorrow! 


Write for Dunco Data Bulletin FC 


Type FC-6-100 
6PDT 


NEW! 


10-AMPERE TYPE 


with all-welded 
construction 


Constructed for fully dependable 10- 
ampere DC service, these sturdy little 
DP-DT Dunco FC-215 relays withstand 
30 G vibration to 2,000 cycles and 50 
G shock. Throughout, they are uniquely 
designed to meet or surpass MIL-R-5757 
and MIL-R-25018 requirements. 


Write for Dunco Data Bulletin FC-215 


Type FC-215 
io) ens 
Only %” x 1-1/32” 


ee = STRUTHERS-DUNN 


Pitman, New Jersey 
&§,348 RELAY TYPES 
Sales Engineering offices in: Atlanta ¢ Boston « Buffalo e Charlotte 
Chicago © Cincinnati ¢ Cleveland  Dalias ¢ Dayton e Denver e Detroit 


High Point e Kansas City e Los Angeles ¢ Montreal « New York 
Orlando © Pittsburgh e St. Louis e San Carlos e Seattle ¢ Toronto 
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the opinion that the word “servo” 
means “servomechanism” in common 
usage, not “servomotor” as the present 
. «tionary states. As far as selectivity 
is concerned, the surprising fact is that 
in a reference work intended to serve 
fields as active as “electronics and nuc- 
leonics,” so much space has been 
wasted on illustrations which contrib- 
ute absolutely nothing to the purpose 
of the book (see “monitor console” 
and “police radio,” for instance). 
The publisher’s notion that the book 
may be useful for non-technical people 
for ready reference on word spelling, 
by typists for instance, may be valid. 
Resulting copy should be checked, 
though. A.E.R. 


Books Received 


Of the great number and variety of 
books received, those of interest to our 
readers are listed below. This list is far 
from complete. No attempt is made at a 
critical evaluation at this time, although 
we may review any of these books in a 
future issue of ELEcTRO-TECHNOLOGY. 


International Dictionary of Applied Math- 
ematics, Ed. W.F. Freiberger, D. Van 
Nostrand Company, Inc., New York 
(1960). $25.00. 

The Mathematical Theory of Communica- 
tion, C.E. Shannon and W. Weaver, The 
University of Illinois Press, Urbana 
(1959), $2.50. 

Readable Relativity, C. V. Durell, Harper 
Torchbooks. New York (1960). 61 35. 
Handbook of Laplace Transformations, F. 
E. Nixon, Prentice-Hall, Inc., Englewood 

Cliffs (1960), $6.00. 

Frequency —Power Formulas, P. Penfield, 
Ir.. John Wiley & Sons, Inc., New York 
(1960). $4 00. 

The Theory and Design of Inductance Coils, 
V.G. Welsby, John Wiley & Sons, Inc.. 
New York (1960). $6.00. 

Electronic Circuit Analysis, Phillip Cutler, 
McGraw-Hill Book Company, Inc., New 
York (1960), $5.00. 

Thyratrons, C.M. Swenne, The Macmillan 
Company, New York (1960), $3.00. 

1 History of the Theories of Aether & 
Electricity, Vols. | and Il, Sir Edmund 
Whittaker, Harper Torchbooks, New York 
(1960), $1.95 and $1.85. 

Dynamics of Rigid Bodies, W.D. MacMillan, 
Dover Publications, Inc., New York 
(1960). $2.00. 

Linear Programming and the Theory of the 
Firm, K.E. Boulding and W.A. Spivey, 
The MacMillan Company, New York 
(1960), $8.00. 

{ Manual of Spherical and Practical As- 
tronomy, Vols. I and Il, W. Chauvenet, 
5th ed., Dover Publications, Inc., New 
York (1960), $2.75 each. 

Principles of Stellar Dynamics, S. Chan- 
drasekhar, Dover Publications, Inc., New 
York (1960), $2.00. 

{n Introductory Treatise on the Lunar 
Theory, E.W. Brown, Dover Publications, 
Inc., New York (1960), $2.00. 

An Introductory Treatise on Dynamical 
Astronomy, H.C. Plummer, Dover Pub- 
lications, Inc., New York (1960), $2.35. 
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GORNISH DEVELOPM 
HELPS SOLVE CUSTOME 


T ENGINEERING 
DESIGN PROBLEMS 


CUSTOMER: EUREKA WILLIAMS / PROJECT: CORDSET FOR UPRIGHT HANDLE FLOOR POLISHER 


This design project involved three prob- 
lems. The initial task was to design a 
cordset that could be firmly attached to 
the motor housing in a manner that would 
relieve all strain on the connections. Then 
to run the cord through the upright handle, 
fixing it rigidly at entrance and exit 
points. The next problem was to produce 
the cordset in a shade compatible with 
the color adopted for the polisher by 
Eureka Williams. Finally Cornish was 
faced with the problem of holding down 
costs for the manufacturer. Cornish re- 
duced these problems step-by-step. (1) 
Cornish engineers developed dies to mold 
the strain reliefs directly on the cords at | 


the three critical points. A special fluted 7; 


CORNISH WIRE COMPANY, 50 CHURCH STREET, 


 pull-through grommet was designed to 
' protect the motor connection. The handle 


connections adopted, form a rigid lock on 
completion of the assembly process. (2) 
The Cornish laboratories compounded a 
new shade for the cordset to match 
Eureka’s “Lagoon Blue”. (3) All this 

» produced a unit meeting the high stand- 
ard of quality set by Eureka Williams 
yet holding manufacturer’s costs to 
the minimum. This is another example 

| of the Cornish/customer engineering 
team at work. Cornish engineers are 
available to discuss your particular 

, product design requirements with you 
at any time. We look forward to 
having the opportunity of serving you. 


sy NEW YORK 7, N.Y. COLE 
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CUSTOM 
ee 
aU Cw We 


It takes modern equipment plus craftsman- 
ship and know-how to produce fabrications 
such as the giant generator housing shown 
here— illustrative of Kirk & Blum’s ability 
to produce the unusual as well as the conven- 
tional types of weldments. In its 170,000 sq, 
ft. plant, with crane capacity to 25 tons, 
Kirk & Blum has complete facilities to pro- 
duce, preassemble and finish a wide variety 
of carbon steel, stainless, aluminum, monel 
and other alloys assemblies up to !5” thick- 
ness. Fifty years of exceptionally varied ex- 
perience is your added assurance that the 
job will be done quickly and economically. 


Send prints for prompt quotations or write 
for detailed literature: The Kirk & Blum Mfg. 
Co., 3122 Forrer St., Cincinnati 9, Ohio. 


ELECTRICAL ENCLOSURES AND HOUSINGS 
CONTROL PANELS AND DESKS 
BREECHINGS e@ STACKS e AIR AND GAS DUCTS 
CASINGS e LOUVERS e BINS e HOPPERS e CHUTES 
INSULATING JACKETING 
ALUMINUM AND ALLOY FABRICATION 


KIRK . fLum 


FABRICATION 
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Engineering 
Standards 


ASA Standards 


B5.15-1960, Involute Splines, Ser- 
rations and Inspection, $5.00. This re- 
vised standard, published by ASME, 
consolidates and supersedes B5.15-1950, 
B5.26-1950 and B5.31-1953. 

Y¥32.12-1960, Metallizing Symbols, 
$1.00. Basic symbols, surface prepara- 
tion symbols, supplementary symbols 
and applications are the subjects of this 
publication by ASME in collaboration 
with the American Welding Society. 

Copies may be had from American 
Standards Association, 10 E. 40 St., 
New York 16. 


AGMA Standards 


150.02, Application Classification 
for Gearmotors, $1.00. A listing and 
classification of the character of the 
load in various applications; for assist- 
ing in selection of the proper gearmotor 
for a given service. 

Copies may be ordered from Ameri- 
can Gear Manufacturers Association, 1 
Thomas Circle, Washington 5, D. C. 


IEC Standards 


Amendment 1 to IEC Publication 103: 
Recommendations for Aluminum Elec- 
trolytic Capacitors for General Pur- 
pose Applications, 40¢. 

121, Recommendation for Commer- 
cial Annealed Aluminum Electrical 
Conductor Wire, 80¢. This publication 
prescribes physical and mechanical 
property values for wire having a dia- 
meter greater than 1 mm (0.0394 in.) 

Copies of these publications may be 
ordered from American Standards As- 
sociation, 10 E. 40 St., New York 16. 


SPI Standards 


Three recent standards for testing pre- 
impregnated laminating materials pro- 
vide a uniform basis for judging char- 
acteristics and performance. 

SPI Pre-Preg 1, Resin and Volatile 
Content of Pre-Impregnated Inorganic 
Reinforcements (excluding those con- 
taining silicone polymers and/or in- 
organic filler particles). 

SPI Pre-Preg 2, Flow of Pre-Im- 
pregnated Products. 

SPI Pre-Preg 3, Measurement of Gel 
Time of Pre-Impregnated Inorganic 
Reinforcements. 

Copies are available from Society of 
the Plastics Industry, Inc., 250 Park 


Ave., New York 17. 
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TOGGLE SWITCHES 
Enclosed in impact-resistant 
molded phenolic, all basic McGill 
LEVOLIER toggle switches are 
dust-proof, vibration-proof. Avail- 
able as standard in 6 amp. to 20 
amp. models with added DC and HP 
ratings; single pole or double pole, 
Choice of wire leads, soldering 
lugs or screw terminals on 

most models. 


SPECIFY 


MSGILL’ 


SWITCHES 


0800 Series 


20 AMP ROCKER SWITCHES 


A new series of switches to meet the appearance, 
operational, dimensional and cost requirements of a 
wide range of appliance and electrically powered 
equipment applications. Hundreds of variations with 
respect to actuator colors and sizes, mounting brack- 
ets, circuitry and terminals are available to solve 
your specific problem. Heavy duty construction and 
20 amp 125V AC 114 HP ratings assure long, depend- 
able life. 


PORTER CABLE ends switch service complaints 
The No. 25 6 amp. 115-250V toggle switch is 
used on the well-known Porter-Cable Model 
145 electric finishing sander. Dust-proof, vi- 
bration-proof in its phenolic case, it provides 
thoroughly dependable operation in an ap- 
plication where dust, vibration and rapid 
heat changes are practically integral parts 
of the operation. Porter-Cable chain saws 
use McGill switches also, 


1901 Series 


MOMENTARY CONTACT SWITCHES 


Designed especially to apply extra perform- 
ance and life advantages where 30 amps., in 
small size, can simplify assembly and elimi- 
nate auxiliary components. Simplified mo- 
mentary contact switching action utilizes 
two precision wound stainless steel springs. 
Contact bounce is eliminated. Solid copper 
contacts are inlaid with silver cadmium ox- 
ide. Ratings to 30 amp., 125-250 V with 2 
amp. 125V DC and 2 HP 250 V AC ratings. 
6 actuators and choice of terminals. 


Specially Engineered McGill Switches 


If you have a special switch requirement, ask us for help. 
Sometimes we can make a minor modification of an 
existing switch, sometimes it really takes a new design. But 
chances are we can help you with a switch that will 


do the job right 


and save you money in assembly: 


time too. Write or call today. 


engineered electrical produets §=— —wwa-— 


NEW CATALOG 


No. 60 is just off the press, It’s yours for 
the asking — write for your copy today. 


precision needle roller bearings 


McGILL MANUFACTURING COMPANY, INC., Electrical Div., 7OO N. Campbell St., Valparaiso, Indiana 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of ELEc- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular ELectro-TEcu- 
NOLOGY reader qualifies for one copy 
of all single-article reprints, without 
charge. 


The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


[] 913—Editorial Index to Electro-Tech- 
nology (formerly Electrical Manufacturing) 
for 1960, 24 pages. This yearly subject- 
classified index is completely annotated, in- 
cludes author index, plus separate indices 
for Editorial page, Design Trends, and Re- 
search Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classifica- 
tion and Alphabetical Subject Cross Index 
which form the basis of the index system. 


[] 906—Bessel and Gamma _ Functions, 
January 1961, 12 pages. Basic principles of 
Bessel and gamma functions and applica- 
tions. Bessel’s equation and the Bessel func- 
tion, recurrence relationships, the general- 
ized form of Bessel’s equation, the gamma 
function, solution to Bessel’s equation and 
the Bessel functions of the first and second 
kind, modified Bessel functions and the 
method for deducing recurrence relation- 
ships, or basic identities. 


[) 904—The Technique of Transformer 
Design, January 1961, 8 pages. For power 
transformers, including those for rectifier 
circuits, the details of design from lamina- 
tion selection through thermal aspects are 
presented. Design examples demonstrate the 
methods; dimensional and magnetic data for 
stock laminations are included. 


0 952—Bibliography — Computing Ma- 
chines in Control Systems, December 1960, 
1 page. A selected listing of articles and 
books in the literature providing a back- 
ground for ELECTRO-TECHNOLOGY’sS new se- 
ries on Computing Machines in Control Sys- 
tems—THE Forum. 


0 932—Iron-Core Devices: Evaluation of 
Variable Parameters, December 1960, 5 
pages. Circuit “constants” which are actu- 
ally functions of frequency, current, and 
other circuit conditions must be evaluated 
by measurement, as departure from con- 
stancy may be to a major degree. Methods 
outlined for measurement of iron-core device 
inductance and resistance and for orderly 
extrapolation of test results for analytical 
use. 


© 910—Survey of Power Transistors, De- 
cember 1960, 6 pages. Listing of all tran- 
sistors (made by 18 companies) rated for 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 


1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


max collector current of 1 amp and over. 
Characteristics given include forward current 
transfer ratio and collector breakdown cur- 
rent. Possible applications for each type 
included. 


1) 936—Static Magnetic Frequency Multi- 
pliers, November 1960, 9 pages. The modes 
of operation and typical circuits of fre- 
quency multipliers using saturating magnetic 
cores. New lamination materials and recti- 
fiers have made possible new orders of 
efficiency for this well-known principle. 


© 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar poly- 
ester film age satisfactorily as slot insulation 
in hermetic motor systems. Classical tests 
such as density, viscosity, extractables and 
shrinkage are described, as well as a set of 
functional aging test procedures under simu- 
lated conditions. 


© 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
machines measure analogous relationships. 
Continuous computation, principles of oper- 
ation, and various functional components 
are described. A survey of typical machines 
on the market is presented, plus applications 
for the design engineer, the role of the 
analog machine in control systems, and 
hybrid systems. 


1 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the 
new fluidized-bed process for applying elec- 
trical insulation to components and equip- 
ments. The process is explored with respect 
to design engineering and economics. Prac- 
tical applications in new designs are devel- 
oped. 


© 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement 
of rules for the manipulation of simple flow- 
graph forms, and a definition and descrip- 
tion of basic modules for simple two-port 
networks. The modular concept is expanded 
to include flow graphs representing three- 
terminal devices. These are used as modules 
to construct more complex flow graphs. 


OO 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September 
and October 1960, 19 pages. Physics oi: 
permanent-magnet behavior and _ design 
methods for open-circuit, permanent-magnet 
structures, followed by the more complex 
considerations involved in small air-gap 
magnet designs. The use of electrical network 
analogy methods is explored; examples sup- 
port all the design method discussions. 


0 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomographs 
(with emphasis on the latter) which can be 
used to record and display data. Specific 
instructions for constructing nomographs, 
including pivoted, unevenly spaced, and “N” 
types. 


0 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic 
parameters of design in relation to the 
nuclear environment are investigated and 
illustrated in respect to the selected mate- 
rials involved. Electrical properties of insu- 
lating materials and changes in these prop- 
erties due to nuclear radiation energies are 
examined. 


[] 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. Part I includes cabling techniques 
and performance of flat-conductor flexible 
cables. Data are given on load-carrying 
capabilities, crosstalk, r-f attenuation, and 
on shielding techniques. Part II discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. Specifications for a standard 
conductor are presented. 


[1 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre- 
distortion and reverse predistortion are ex- 
plained. Examples of uniform and non- 
uniform reverse predistortion are presented. 


(© 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The funda- 
mental voltage and geometrical relations of 
the Hall effect are presented. The possibility 
of using the Hall phenomenon for angular 
function generators is investigated, and the 
various potential characteristics of such gen- 
erators considered. 


(1) 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


0 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re- 
visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to ELEcTRO-TECH- 
NOLOGY. 


ELECTRO-TECHNOLOGY 





(0 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
cuit Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
Tabulation provides an at-a-glance 
“translation” from one symbolism to 
another, also the conversion from 
sums to products (and vice versa). 


0 950—Magnetic Amplifier Output Circuits, 
August 1960, 5 pages. A_ straightforward 
method for comparative evaluation of com- 
plex reversible-half-wave and reversible-full- 
wave magnetic amplifier circuits as building- 
block arrangements of basic half-wave self- 
saturating circuits. Figures of merit are 
given for over 50 output circuit combina- 
tions. 


(1) 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


O 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


O 919—Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types tested 
in an environment equivalent to that of a 
nuclear explosion. The mechanism of dam- 
age is explained and data analysis for radia- 
tion damage is given in graphs and charts. 


OO 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized. 


O 916—Logic—and the Principles of Pro- 
gramming, July 1960, 8 pages. Programming 
techniques are based upon the principles of 
logical reasoning, expressed by a Boolean 
algebra, and the propositional calculus. 
Automatic programming and machine lan- 
guages—designed for the engineer who has 
little knowledge of digital computers and 
who wants to write his own programs— 
are presented. Examples given. 


0) 926—Plastics Molding Materials for Struc- 
tural and Mechanical Applications, May 
1960, 11 pages. A review of plastics molding 
materials, based on structural and mechani- 
cal properties and design parameters. Newer 
materials described. Significance of test 
methods discussed. 


© 920—Materials and Techniques for Mi- 
crominiaturization (Parts 1 and 2), May 
and June 1960, 16 pages. The past, present, 
and future state-of-the-art of microminia- 
turization. Covers the reduction in size and 
weight of all subminiature electronic com- 
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ponent parts including: substrates, conduc- 
tors, resistors, capacitors, protective cover- 
ings, inductors, solid-state diodes and 
transistors. Also includes thin-film tech- 
niques and integrated solid circuits. 


© 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni- 
versal ratio sets can be, calibrated by boot- 
—~ Ww oS al a - 

strap methods, also how instrument poten- 
tiometers can be calibrated using the stand- 
ard cell and a universal ratio set. 


© 935—Precision Ball Bearings for Elec- 
tromechanical Instruments, May 1960, 4 
pages. Application factors in representative 
types of critical instruments such as servos, 
resolvers, gyro gimbal bearings and gyro 
spin motors. Bearing design, materials, lu- 
bricants, loading, life expectancy and fits are 
discussed, as related to bearings approxi- 
mately 1 in. OD and smaller. 


© 941—Thermoelectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commerical thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Examples of cooling 
problems are worked out. 


QO 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, circuit performance 
unobtainable with lumped-parameter ar- 
rangements can be achieved. 


© 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. Applications of materials to 
design parameters are illustrated and devel- 
oped as related to the design needs of 
electronic equipment and systems. 


[1] 928—Magnetism Research Pushes New 
Engineering Developments (Parts I and I), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


O 921— Powder Metallurgy Parts — Their 
Advantages in Design, March 1960, 9 pages. 
Advantages of powder-metallurgy techniques 
in design of electrical and electronic com- 
ponents. Properties and other design par- 
ameters are explored and illustrated by case 
histories. 


© 927—Fine-Pitch Gear Trains, March 
1960, 7 pages. Gear quality classifications, 
center-distance considerations, and backlash 
problems are discussed with respect to fine- 
pitch gear applications in electromechanical 
computers, servo-positioning feedback sys- 
tems, instruments and radars, and in line 
with current and projected AGMA standards. 


 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Using AWG wire size 
as the basic parameter, time-saving coil de- 
sign charts minimize the error hazard in 
repetitive routine computations. Data pre- 
sented in graphic form apply to layer- 
wound coils and, within certain limits, to 
random windings. Derivations and examples 
of use included. 


0 905—The Esaki “Tunnel” Diode, Feb- 
ruary 1960, 12 pages. Theory of operation 
of this negative-resistance semiconductor is 
explained in terms of the wave-like proper- 
ties of electrons. The diode’s small-signal 
behavior, its application as a low-noise am- 
plifier, and its noise figure of merit are ex- 
amined. 


0 943—P-N-P-N Four-Layer Diodes in 
Switching Functions, January 1960, 7 pages. 
Theory of operation of two-terminal tran- 
sistor-like devices which can be switched by 
changing the voltage across them or the cur- 
rent through them. Applications include 
pulse generators and core drivers, ring coun- 
ters and multivibrators. 


0 937—Effects of Temperature on A-C 
Magnetic Properties of Nickel-Iron Alloys, 
December 1959, 6 pages. In the second half 
of a two-part study, results are reported in 
the form of curves for 60, 400, and 1000 
cps describing variation of core loss per 
unit of weight and rms exciting volt-amperes 
per unit of weight as temperature varies. Six 
alloys are reported for the temperature 
range —60 to +250 C. 


1 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This chart is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” (see p. 152). 


© 939—Inherent Motor Overheat Protec- 
tion Moves inside the Field Coils, November 
1959, 8 pages. Two solutions to the problem 
of putting temperature sensors in the stator 
windings of induction motors are described. 
The Westinghouse solution uses thermistors 
in a newly discovered positive-temperature- 
coefficient resistor mode. Cutler-Hammer’s 
approach makes use of the well known 
negative temperature coefficient of ther- 
mistors. 


0 942—The Four-Bar Linkage as a Func- 
tion Generator, October 1959, 9 pages. Ad- 
vantages of the four-bar linkage as a com- 
puting and control element are outlined, 
with examples of both graphic and analyti- 
cal methods of linkage design. 


O 922—Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. Internal 
standards for the electronic portions of ma- 
chine control systems, prepared by General 
Motors Corp., to be used in conjunction 
with the JIC Standards for Industrial Equip- 
ment (see Reprint 924). 


O 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for ap- 
plication of electrical apparatus to 
machine tool and other industrial 
equipment, as adopted by the Joint 
Industry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 5— 
3.75; 10—$6.00; 25—$12.50; S0— 
$20.00; 100—$30.00. Send check with 
order payable to ELECTRO-TECHNOL- 
ocy, 205 East 42 Street, New York 
17. 
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HONEYWELL 


These welder phase-shift heat-control patterns 
were directly recorded with a Honeywell 906 
Visicorder at Bristol Aircraft (Western) Limited 
in Winnipeg. 

Since the welding heat generated is proportional 
to the square of the current value, phase shift 
must be accurately controlled in order to deter- 
mine the heat value. If the phase shift dial is not 
accurately calibrated, the result is too much or 
too little heat, and a poor weld. 


In this application, the Visicorder is an essential 
guide to accurate calibration, since ink-type re- 


The Model 1012 Visicorder is 
the most versatile and convenient 
oscillograph ever devised for re- 
cording as many as 36 channels 
of data. 


REFERENCE DATA: 
Send for Bulletin HC-1012 


The Model 1108 Visicorder. with 
many automatic features and the 
convenience of pushbutton con- 
trols, is ideal for intermediate 
uses requiring up to 24 channels 
of data. 

REFERENCE DATA: 

Send for Bulletin HC-1108 
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The Model 906B Visicorder incorpo- 
rates time and grid lines—simulta- 
neously records up to 14 channels. 
Completely self-starting for remote 
operation. 

REFERENCE DATA: 

Send for Bulletin HC-906B 


NEW MODEL! 

The NEW Model 1406 economically 
brings outstanding Visicorder features 
to the low fre quency (DC to 200 cps) 
recording field. 

REFERENCE DATA: 

Send for New Bulletin HC-1406 
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corders do not cover the sensitivities and fre- 
quencies needed and an oscilloscope would pre- 
sent a continually changing pattern since most 
recording periods are less than 10 cycles. The 
directly-recorded Visicorder patterns allow a 
convenient study of the exact time when the cur- 
rent wave form was being cut off. 
Here is the circuit used in this test. 

Input Circuit for Oscillogram of D. C. Welding Current 


Lower Arm R 


of Welder mi 
* 


Welder Arm 
Calibrated 2.16 x 10°S 
Ohms between a) 


Connections 


series 


ws 
To V450-55B 


Galvo & shunt 
(No amplification!) 


of phase shitt 


The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high-fre- 
quency, high-sensitivity, direct-recording ultra-violet os- 
cillography. Here are some of the reasons why Visicorders 
provide the most accurate analog recordings available: 
constant flat response and sensitivity of galvanometers; 
grid-lines simultaneously recorded with traces to guaran- 
tee exact reference regardless of possible paper shift or 
shrinkage; flash-tube timing system for greater accuracy of 


time lines; superior optics for maximum linearity of traces. 


No matter what field you are in... research, develop- 
ment, computing, rocketry, product design, control, nu- 
cleonics ... the high-frequency (DC to 5000 cps) Visi- 
corder oscillograph will save you time and money in 
data acquisition. 

Call your nearest Minneapolis-Honeywell Industrial 


Sales Office for a demonstration. 
Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 E. Evans Avenue, Denver 22, Colorado 


HONEYWELL INTERNATIONAL 


Sales and Service offices in all principal cities of the world. Manufactur- 
ing in United States, United Kingdom, Canada, Netherlands, Germany, 
France, Japan. 


Honeywell 
| Quduatrial Predict Group 
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Science & Engineering Reprints 


Reprints of special Science and Engi- cated in each listing. For ordering con- 
neering articles or of compendiums into venience, use the handy Order Form 
which are combined several separate below. Orders must be accompanied by 
articles on the same or related subjects remittance (either in cash or check). 
are available at the nominal prices indi- Please add 3% City Sales Tax on 


Oo KR D — R Oo R M | Please enclose remittance 


(cash or check) with your order. 


No. of 
copies 


Introduction to Network Synthesis 
Electrical Insulation Deterioration 
Combination: Electrical Insulation — 1960 
Electrical Noise 

—_____. Number — The Language of Engineering 
Digital Computing Machines 
The Nature and Control of Corrosion 
Microwaves — Principles and Devices 
Basic Differential Equations 
Electrical Analogs for Mechanical Systems 
Transformer Materials for Extreme Environments 
Ring Binder for Science & Engineering Reprints 
Introduction to Molecular Engineering 
Logic — and Switching Circuits 
Infrared — Fundamentals and Techniques 
Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Automatic Control System Design 
Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics 
The Electric Field ; 
Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 
Heat Flow Theory 
Fundamentals of Ferromagnetism 
Using Fourier Analysis in Design 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 
Slide Rule Mathematics 


Casting Resins and Application Techniques 
Total Copies Total Order 
TO: ELECTRO-TECHNOLOGY, 205 East 42 St., New York 17, N. Y. 
NAME .. TLE 
COMPANY 


ADDRESS 





CITY ZONE 
(Add 3°% City Sales Tax for New York City delivery.) 


orders for New York City delivery. 
Make checks payable to ELEctro-TECH- 
NOLOGY. 

Since handling expenses are a signifi. 
cant cost element in the distribution ot 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


Reprint Title 
All regular $1.00 reprints $.90 
Electrical Insulation—1960 1.80 
Automatic Control Systems 2.00 
Boolean Algebra 1.80 


Casting Resins 1.75 


Introduction to Network Synthesis, Janu- 
ary 1961, 20 pages. Basic characteristics of 
network synthesis are presented and syn- 
thesis for optimum results and exact solu- 
tions is demonstrated. Frequency-domain 
synthesis of passive lumped-constant net- 
works is stressed. Includes synthesis of 
simple driving-point functions by recogni- 
tion, realizability conditions of network func- 
tions, approximation of a given curve by 
an appropriate rational function, related 
problems. $1.00 


[) Electrical Insulation Deterioration, De- 
cember 1960, 8 pages. Nature of thermally 
accelerated deterioration of electrical insula- 
tion (and other organic materials, such as 
plastics) discussed from viewpoint of prac- 
tical design engineering parameters. Among 
other aspects, relationship between deterio- 
ration process and equipment and systems 
reliability is analyzed. $1.00 


Special Combination Offer 


1) Electrical Insulation — 1960, De- 
cember 1960, 52 pages, special Re- 
search and Application Report. Con- 
tains three major articles: Dynamic 
Mechanical Properties of Plastics 
Dielectric Materials, Advances in 
Flexible and Semi-Rigid Electrical 
Insulating Materials, and Research 
Progress in Dielectrics—1960. Plus: 
other articles on ultrathin films, ca- 
pacitor dielectrics, European applica- 
tion practice, international standards, 
insulation application problems and 
trends. Offered in combination with 
regular December 1960 Science & 
Engineering article, Electrical Insula- 
tion Deterioration (see above). $2.00 


0 Electrical Noise, November 1960, 20 
pages. Major types and origins of electrical 
noise and the effects of noise on system 
behavior. Examples given of techniques for 
evaluating system performance in terms of 
noise sensitivity and reduction. Emphasis on 
concept of noise as a random process, as 
distinguished from systematic or periodic 
interference. $1.00 


© Number—The Language of Engineering, 
October 1960, 16 pages. The theory of num- 
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bers is concerned with the properties or 
integers and is used by the engineer for a 
wide range of problems, such as: the use 
of the sawtooth function to synthesize all 
types of discontinuous waveforms, the repre- 
sentation of an integer as a sum of squares, 
etc. $1.00 


O The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of 
the causes, mechanics and chemistry of cor- 
rosion. Methods for prevention are outlined. 
Design considerations and types of materials 
and treatments are interpolated for control 
of specific types of corrosion encountered in 
engineering design. $1.00 


(1) Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equa- 
tions of electric and magnetic fields. Propa- 
gation of microwaves in various media, in- 
cluding two-conductor, round and square 
waveguides. Principles are applied to the de- 
sign and use of the slotted line, the dummy 
load, rotary joints, and preselectors. $1.00 


0 Basic Differential Equations, July 1960, 
20 pages. First-order differential equations 
(method of separation of variables, the inte- 
grating factor, homogeneity), higher-order 
differential equations (the differential oper- 
ator, non-homogeneous equation, Picard’s 
method, solution of equations with variable 
coefficients by power series). Application to 
basic mass-spring-damper system through- 
out, with examples. $1.00 


©) Digital Computing Machines, Oc- 
tober 1960, 24 pages. The funda- 
mental functional components of 
digital computing machines. Glossary 
of terminology. Tabulation of special 
world-wide survey of digital comput- 
ing machines presents essential char- 
acteristics of digital computing ma- 
chines in production and in advanced 
stages of development. Principles of 
operation and applications for design 
engineers. $1.00 


© Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. System para- 
meters of dynamic states of mechanical 
systems are translated into electrical net- 
work equivalents. Reasoning behind the 
analog approach and the various analog 
forms. Included are discussions of the prin- 
ciple of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular 
analysis, and the use of distributed-para- 
meter networks (long lines) to simulate 
certain mechanical elements. $1.00 


[] Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. Part II examines the ele- 
ments of the classical macroscopic approach 
to the behavior of materials as well as the 
microscopic or molecular approach. Part III 
provides extended examples of molecular 
engineering in the areas of electrical insula- 
tion, microwave amplifiers, thin-film devices 
and microminiature electronics function 
blocks. $1.00 


[) Logic—and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle’s 
syllogism, develeped into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
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computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-schem- 
atic form. The article deals with methods 
applied to solve the problems of circuit 
synthesis and the fundamental ideas which 
can be applied to the design of the most 
complex circuitry. $1.00 


©) Transformer Materials for Extreme 
Environments, March, April, May 
and June 1960, 28 pages. A series of 
four articles interpreting research and 
development on small transformers 
designed to operate under extreme 
environments of 500 C temperature 
and nuclear radiation. Work carried 
out under Air Force and Bureau of 
Ships contracts presents data on: 
electrical insulation materials, magnet 
wire (both wire and insulation), mag- 
netic core materials, and transformer 
structural materials. $1.00 


© Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic 
principles of radiation and detection (includ- 
ing Wien’s Law, Rayleigh-Jeans Law) are 
explained. Effect of infrared on metals, ionic 
crystals, and semiconductors. Various types 
of sources, windows, prisms, detectors, and 
spectrographs are discussed qualitatively. 
Also includes theory of use of infrared in 
practical applications. $1.00 


O) Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
view. Four basic applications of thermo- 
electric phenomena are considered: power 
generation, heating, cooling, and temperature 
sensing. $1.00 


Network Analysis, January 1960, 28 
pages plus cover. A discussion of present- 
day practices in network engineering and 
their theoretical background. Network the- 
ory as a coherent and unified study is 
stressed, as contrasted with the less power- 
ful and less useful traditional approach to 
circuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


(] Determinants and Matrices, December 
1959, 20 pages plus cover. The principles 
treated apply to all problems involving 
numerous mathematical statements. In- 
cluded are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher- 
order systems, and the underlying principles 
of matrix algebra. Examples demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 
hand. $1.00 


{] Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Use of the nor- 
malized sT plane for analyzing sampling 
adequacy, “pseudo-sampling” for determin- 
ing between-sample response and the use of 
the z transform for table-generating func- 
tion. $1.00 


0 Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
Basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. $1.00 


O Digital Methods in Measurement and 
Control, September 1959, 20 pages plus 
cover. Covers: (1) characteristics and ad- 
vantages of the digital approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage; (4) dig- 
ital measurement devices; (5) digital con- 
trol actuators. $1.00 


[1] The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition and condensation polymers; the theo- 
retical basis for mechanical, electrical and 
chemical properties of polymers. $1.00 


1) The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
in Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
fects in Devices. $1.00 


(1) The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The major types 
of vibration are discussed (periodic, random, 
structural and airborne); also the major 
types of shock (velocity, simple impulse, 
single complex and multiple). A section is 
devoted to the effects of shock and vibration 
on missile electronic components. Types of 
damage are analyzed; principles of testing 
given; specifications summarized. $1.00 


©) Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering fea- 
ture both safe and handy will want 
this maroon-colored binder made of 
flexible, Morocco-grained leatherette 
stamped in gold. The standard 1%-in. 
rings will accommodate about twenty 
S & E reprints. $2.50 


[] Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of 
metallurgy and structural characteristics of 
metals are related to design concepts. The 
effects of environment and mechanisms of 
damage are illustrated. Iron and steel, alu- 
minum, precious and rare metals, copper, 
nickel and magnesium are presented in their 
basic design relationships to fundamental 
properties. $1.00 


O Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection 
and radiation are derived. Dimensional anal- 
ysis used to establish the parameters and the 
various “numbers” (Reynolds, Prandtl, Nus- 
selt, Graetz, etc.) involved in convection 


expressions. Examples chosen from elec- 
trical and electronic (transistor) applica- 
tions. $1.00 


© Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
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Get in touch with 


(Somar 


Simplify your relay problems... avoid 
costly delays... put your relay requirements 
in the hands of trained, competent 
engineers at Comar. A variety of standard 
basic designs are available at Comar which 
can be modified to give you any desired 
combination of coils, switch arrangements, 
contact materials, insulation and 
mounting. This can save you time and 
money. Whatever your requirements may 
be, Comar can provide you with relays 
custom-matched to your product. Send 
details and get our recommendations 


quickly ... without obligation. Write today. 


HERMETIC SEALING 


_ =fHlectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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solid-state physics. Includes: Origins of 
Ferromagnetism, Internal Structure of Fer- 
romagnetic Materials; Magnetization Curves: 
Time Effects in Soft Magnetic Materials: 
Effects of Atomic Ordering in Alloys; Inter- 
actions for Heterogeneous Systems. $1.00 


() Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. A thorough theoretical 
background on Fourier analysis is presented 
plus a discussion of the areas of application 
with specific examples to point up particular 
problems often encountered. Permits system 
devices to be designed or selected for a par- 
ticular transient performance on basis of 
steady-state sinusoidal action. $1.00 


—— COMPENDIUMS 


O Automatic Control System Design, 64 
pages plus cover. A practical textbook on 
the design of servomechanisms. In the proc- 
ess of describing design by transfer function, 
system equation, and root-locus methods, 
techniques of analysis such as Bode dia- 
grams, Routh’s criterion, and Nyquist plots 
are also presented. Includes background 
material on complex variables and Laplace 
transforms, bibliography for further study. 
Originally published in ELecrricaL MANU- 
FACTURING as a series of six articles. $3.00 


() Engineering Applications of Boo- 
lean Algebra, 68 pages. A design 
guide to the analysis and synthesis of 
switching circuits and logic systems 
— both combinational and sequential 

in any medium: mechanical, elec- 
trical, hydraulic, electronic or solid 
state. Includes five previously pub- 
lished articles plus a never-before- 
published appendix. $2.00 


(J Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separately. 
Logical development of the slide rule’s fun- 
damentals and complete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry; The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions; 
Phasor Calculations; The Circular Slide 
Rule. $1.00 
(1 Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A short- 
cut to research for design engineers. Book 
lists, by functional subject classification and 
with succinct annotations, every feature 
article and major “Design Trends” short 
article published in ELECTRICAL MANUFAC- 
TURING during the 5-year period from 1951- 
1955. $1.50 


() Casting Resins and Application Tech- 
niques, 52 pages. Eight previously published 
articles dealing with the embedment, encap- 
sulation, and impregnation of circuit units 
and components. Articles cover: property 
data on casting resins; evaluation tests on 
resin systems; results of environmental tests; 
process control problems. $2.00 


Postcard return cards are provided as 
a convenience to the reader in obtain- 
ing further information on— 


* New Components and Materials 
+ Literature for the Design Engineer 
« Feature Article Reprints 
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FOR VOLTAGES OF 600 OR LESS 


There’s a Safe and Dependable 
BUSS Fuse or FUSETRON Fuse 
to fit the needs of every user... 


taue 


is Bibi: zy} 


...and fuses provide the highest degree 
of protection available. 


They have no hinges or pivots, latches or con- 
tacts to stick or get out of order and possibly fail to 
function at the very moment when their operation 
means safety from serious fire and accidental haz- 
ards. No periodic inspections, recalibration and 
corresponding down-time is required. A fuse is just 
as safe and accurate 20 years or longer after instal- 
lation as it is on the day installed. 


Buss LOW-PEAK fuses. A great advancement in pro- 
tective devices. Provide 200,000 amp. interrupting 
capacity ... great current limitation... plus long time-lag 

to prevent needless shutdowns... at minimum cost. 
Ask for Bulletin LPCS 


2 FUSETRON dual-element fuses. Have 100,000 amp. 
interrupting capacity. Eliminate needless blowing of 
circuit fuses. Protect motors against burnout from overloads 
or single phasing. Reduce heating in panels and switches. 
Give thermal protection to panels and switches. Save on 
service and maintenance costs. Ask for Bulletin FIS 


Buss Hi-Cap fuses. For loads above 600 and up to 

6,000 amps. Have 200,000 amp. interrupting capacity. 

High speed operation limits fault currents to safe values. 

Can be coordinated with FUSETRON or LOW-PEAK 
fuses to limit outage to circuit of origin. 

Ask for Bulletin HCS 


Buss LIMITRON fuses. Extremely fast opening charac- 
teristics prevent heavy short-circuit currents building 
up under fault conditions. Can be coordinated with FUSE- 
TRON or LOW-PEAK fuses to limit outage to circuit of 
origin. Ask for Bulletin HLS 


Buss Super-Lag Renewable fuses. Provide lowest cost 
protection where periodic short-circuits are expected. 
Give freedom from needless blows. Greatly reduce out-of- 
service-losses. Ask for Bulletin RCS 


Buss One-Time fuses. Offer most economical protec- 
tion for circuits where no motors are connected and 
possible fault current is not over 10,000 amps. 


Ask for Bulletin NCS 


Buss Clear Window Plug fuses. One-piece body and 
“safety” design guarantee protection. Easy to spot 
blown fuse, even when light is poor. Ask for Bulletin WUS 


8 FUSETRON dual-element Plug fuses. Safely reduce 
needless blowing of plug fuses and give full protection 
against short-circuits and overloads. Ask for Bulletin TCPS 


Buss FUSTAT fuses. Have type “‘S’’ base which pre- 

vents overfuseing or tampering. Protect against short- 
circuits and overloads. Safely reduce needless blows. 

Ask for Bulletin SCPS 

0 to 14 Ampere Buss FUSTAT fuses. Provide simple, low cost 

way to protect motors and apparatus against burnout on 

circuits of 125 volts or less. Ask for Bulletin SMPS 


10 BUSS and FUSETRON Small Dimension fuses. Used to 
protect TV, Radio, Instrument, Radar, Avionic and 
Electronic Equipment. Complete fuse line includes dual- 
element “‘slow-blowing,”’ single-element ‘“‘quick-acting’’ and 
signal or visual indicating types, in sizes from 1/500 amp. 
up...plus a companion line of fuse clips, blocks and 
holders. Ask for Bulletin SFB 


Play Safe! Install BUSS Fuses or FUSETRON Fuses Now! + Bussmann Mfg. Division, McGraw-Edison Co., St. Louis 7, Mo. 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer’s literature just off the press . . 


. including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


SEMICONDUCTORS 


Four-color brochure describes complete 
line of industrial and military semi- 
conductors. The 12-page brochure lists 
key specifications on germanium power 
transistors, audio and switching tran- 
sistors, silicon and germanium mesa 
transistors, silicon rectifiers and silicon 
Zener diodes. Technical Information 
Center, Motorola Semiconductor Prod- 
ucts, Inc., 5005 E. McDowell Rd., 
Phoenix, Ariz. 

Circle 756 on postcard at end of book 


“TUNNEL DIODES 


Eight-page technical Bulletin 2106 dis- 
cusses significant tunnel-diode charac- 
teristics, presenting several basic cir- 
cuit applications. Illustrated bulletin 
contains equivalent circuits, parameter 
descriptions and operating equations. 
Sperry Semiconductor Div., Sperry 
Rand Corp., S. Norwalk, Conn. 

Circle 757 on postcard at end of book 


SILICON DIODES 


Technical Data Sheet 11-133 contains 
graphs, specifications and application 
data on “Stabistor” silicone diodes STC 
135 and STC 235. Diodes, for applica- 
tions requiring forward conductance 
only, operate between —80 and -++-150 
C for STC 135; —80 and +200 C for 
STC 235. Silicon Transistor Corp., 
Carle Place, L.I., N.Y. 

Circle 758 on postcard at end of book 


SILICON MESA TRANSISTORS 


Specification Sheet 9000.0 contains 
eight pages of graphs, characteristics 
and ratings of n-p-n triple-diffused sili- 
con mesa vhf power transistors, types 
2N1505 and 2N1506. Pacific Semicon- 
ductors, Inc., 12955 Chadron Ave., 
Hawthorne, Calif. 

Circle 759 on postcard at end of book 


THERMOELECTRIC COOLER 


Four-page bulletin describes Model 10 
thermoelectric spot cooler, an off-the- 
shelf model designed to handle small 
heat loads. Cooler requires 8-amp d-c. 
Specifications, application data, dia- 
grams are included. Minnesota Mining 
and Mfg. Co., Electrical Products Div., 
Thermoelectric Section, St. Paul 6, 
Minn. 

Circle 760 on postcard at end of book 
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TEMPERATURE-COMPENSATING 
RESISTORS 


Four-page Application Notes S-1960 
describes flip-flop design using silicon 
resistors for temperature compensation. 
General equations, specific example, 
references are included. Texas Instru- 
ments, Inc., 13500 No. Central Express- 
way, Dallas. 

Circle 761 on postcard at end of book 


ELECTRIC HEATERS 


Bulletin BHA, 4 pages, diagrams, il- 
lustrates and describes various types 
and sizes of thin-band electric heaters 
for containers. Suggests wattage den- 
sity per sq in. of heater for various 
clamp-around applications. Construc- 
tion details and terminals available are 
listed. Acra Electric Corp., 9901 Pacific 
Ave., Franklin Park, III. 

Circle 762 on postcard at end of book 


CAPACITOR BULLETIN 


Bulletin NP-111-2 describes Styles 309 
and 310, tubular, lacquer-coated, axial- 
lead, Ceramicon capacitors. Color- 
coded capacitors are 0.436 or 0.686 in. 
long x 0.175 in. diam, with 1.38-in. 
20-AWG heavy solder-coated leads, and 
come in sizes from 5 pf, (with temp 
control) to 0.01 yf. Working voltage, 
600 volts. Life test at 1000 volts d-c is 
1000 hr. Applicable specifications: 
Erie 300, RS-198. Electronics Div., Erie 
Resistor Corp., Erie, Pa. 

Circle 763 on postcard at end of book 


TANTALUM CAPACITORS 


Eight-page bulletin ET-7 contains rat- 
ings, graphs and characteristics of solid 
tantalum capacitors designed to meet 
MIL-C-26655, MIL-C-55057, MIL-C- 
21270. Capacitors operate between 
—80 and +125 C. Pyramid Electric 
Co., Darlington, S.C. 

Circle 764 on postcard at end of book 


POWER SUPPLY CATALOG 


Catalog 120, 7 pages of charts and 
photographs, describes and gives char- 
acteristics of miniature, transistorized 
power packs, frequency changers, in- 
verters, converters and _ solid-state 
power supplies. Electronic Research 
Associates, Inc., 67 Factory Pl., Cedar 
Grove, N.J. 

Circle 765 on postcard at end of book 


POWER EQUIPMENT CATALOG 


Product Index P1-BO1, 12 pages, lists 
31 classes of magnetic and electronic 
equipment. Described are voltage regu- 
lating transformers, saturable reactors 
and d-c power supplies. Electrical spe- 
cifications for each unit are included. 
Acme Electric Corp., Cuba, N.Y. 

Circle 766 on postcard at end of book 


MAGNETRON POWER SUPPLY 


Data sheet gives information on power 
supply for operation of voltage-tuned 
magnetrons. Unit provides electronic- 
ally swept operation either linear with 
time or non-linearly at 60 cps. Protec- 
tive circuits prevent damage from mis- 
adjustment or failures. Alfred Elec- 
tronics, 897 Commercial St., Palo Alto, 
Calif. 
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MINIATURE TRANSFORMERS 


Catalog 600 contains 24 pages of dia- 
grams and detailed specifications on 
miniature transformers. All transform- 
ers listed are designed to meet MIL-T- 
27A and other MIL specifications. Mi- 
crotran Co., Inc., 145 E. Mineola Ave., 
Valley Stream, L.I., N.Y. 

Circle 768 on postcard at end of book 


MEMO-SCOPE BROCHURE 


Eight-page brochure describes and il- 
lustrates Model 105 oscilloscope which 
features a 10-mc bandwidth and writ- 
ing speed of 1 million ips. Instrument 
combines measurement of high-fre- 
quency waves with storage capacity. 
Foreseeable applications exist in any 
fields where parameters under test can 
be transduced to electrical values. De- 
sign includes plug-in amplifiers, 1-shot 
trigger circuits, delay lines and swing- 
out circuit boards for maintenance ac- 
cess. Industrial Systems Div., Hughes 
Aircraft Co., Box 90904, Airport Sta- 
tion, Los Angeles 45. 
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SERVO ANALYZER 


Four-page brochure presents informa- 
tion on Model] 101 servo analyzer. Unit 
is capable of phase and gain response 
measurements on servo systems and 
amplifiers. Provides modulation rates 
of 0.005 to 1000 cps, provided in sinusoi- 
dal, step and ramp functions. Primary 


ELECTRO-TECHNOLOGY 





Until a ballistic missile is in free fall, our inertial guidance systems must be able to 
account for both rocket thrust and gravity. Making them this smart is a tough job, 
but we hit the mark so well on Thor that all of this country’s long range missiles 
will soon be guided inertially. If you would like to help us keep pioneering new guid- 


ance systems, and have a BS, MS or PhD in Physics or Math, or an ME or EE, please 
contact Mr. B. N. Allen, Director of Scientific and Professional Employment, 7929 
S. Howell Ave., Milwaukee 1, Wisconsin. ac spark PLUG 4 THE ELECTRONICS DIVISION OF GENERAL MOTORS 


JANUARY 1961 





power requirement is 115 volts, 60 cps. 
Chance Vought Aircraft, Inc., Elec- 
tronics Div., Box 5907, Dallas 22. 
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SPECTRUM ANALYZERS 
Eight-page Bulletin 7-300 describes 
100-filter spectrum analyzers covering 
50 cps to 100 ke spectrum. Application 
data, specifications and principles of 
operation are included. Commercial 
Apparatus & Systems Div., Raytheon 
Co., 1415 Pfovidence Turnpike, Nor- 
wood, Mass. 
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BISTABLE AMPLIFIER 


Four-page bulletin contains full speci- 
fications, design and application data 
for all-static bistable amplifier. Input 
sensitivity down to 0.05 microwatts; 
output up to 1 amp at 24 volts. Nor- 
batrol Electronics Corp., 356 Collins 
Ave., Pittsburgh 6. 
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TRANSISTOR TEST SET 
Data sheet describes Model NC-1 test 


set for high-power transistors. Unit 
utilizes pulse-drive techniques to allow 
direct measurement of transistor d-c 
parameters. Complete electrical speci- 
fications for unit included. Baird- 
Atomic, Inc., 33 University Rd., Cam- 
bridge 38, Mass. 
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PHASE COMPARATOR 


Single-page Data Sheet 400P contains 
specifications, design features and test 
applications of Model 400P precision 
phase comparator. Unit may also be 
used as phase shifter in servo systems, 
production comparison of electrical 
components. Range is 350 to 2000 cps. 
Wintronics, 213 S. Hawthorne Blvd., 
Hawthorne, Calif. 

Circle 774 on postcard at end of book 


A-C VTVM 


Two-page Data Sheet 130-1 contains 
specifications, dimensions, and general 
data on a 1 per cent accuracy a-c 
VTVM. Ranges are 10 mv to 300 volts. 
“Unit mounts in test equipment without 
exceeding area needed by panel meter. 
Trio Laboratories, Inc., Plainview, L.L., 
N:Y. 
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MOTOR BROCHURE 


Illustrated 52-page brochure displays 
d-c and a-c motors covering a variety of 
supply voltages and frequencies. Sizes 
range from fractional hp miniatures to 
units of 25 hp. Included are typical a-c 
phasing capacitors and r-f interference 
filters. Contains units capable of oper- 
ating at 600 F. AiResearch Manufac- 
turing Co., 9851 Sepulveda Blvd., Los 
Angeles 45. 
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INDUCTION MOTORS 


Bulletin 600, 12 pages, offers informa- 
tion on squirrel-cage induction motors. 
Outlines applications for units which 
range from 1 to 150 hp. Included are 
performance characteristics, construc- 
tion and insulation details, ratings and 
dimensions. Century Electric Co., 18th 
& Pine Sts., St. Louis 3, Mo. 
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MOTOR-GENERATOR BULLETIN 

Publication GET-3064, 8 pages, de- 
scribes features of machine tool motor- 
generators for use in feed drive power 
supply systems. Units nominally rated 
at 250 volts d-c, variable output, for 
use with 3-hp and smaller motors. Con- 


} tains charts of operating characteris- 


tics and typical connection dimensional 
diagrams; special “design and perform- 
ance data include curves for output 
current and voltage at various control 
field excitation values, stored energy 
values and standard typical saturation 
curves. General Electric Co., Schenec- 
5, Ney. 
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CLUTCH-BRAKE MOTORS 


Bulletin 702, 4 pages, describes (with 
charts, tables and photographs) com- 
pact unit with clutch-brake and stored 
energy for start-stop and impulse loads 
for machinery. One-half to 5 hp power 








Amazing NEW Pencil-Type Epoxy offers 
almost unlimited applications to industry 
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New Economies 
of Time 
and Money 


AIRCRAFT 


For the first time . . . a single component epoxy in 
stable stick form. The New Cetron Epoxy Pencil 
offers a simple solution for most problems 
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involving bonding, cementing, sealing 
and insulating. In pencil-stick form, the 


new epoxy is handy to use. In many instances 
it offers the only practical means of 
applying epoxy to minute objects 

and hard-to-get-at places. 
The New Cetron Epoxy Pencil 
is always ready for use . . . requires 
no refrigeration or special storage . . . 
nothing to mix. The New Cetron Epoxy 
Pencil is simple to apply . . . cures fast 
to a tough, permanent waterproof bond 


. . unaffected by most oils and solvents. 
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WRITE FOR FURTHER INFORMATION nt 
CETRON ELECTRONIC CORPORATION 


Plastics Division 


2265 E. Foothill Bivd., Pasadena, California 
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FOR HIGH TEMPERATURE SERVICE—RELIABLE OPERATION UP TO 200°C 


General 
Purpose 


1N456 1N461 
1N457 1N462 
1N458 1N463 
1N459 1N464 


High 
Conductance 


1N482 1N485 

1N483 1N486 

1N484 1N487 
1N488 


High Conductance, 
General Purpose 


1N456A 
1N457A 
1N458A 
1N459A 


1N461A 
1N462A 
1N463A 
1N464A 


High Conductance, 
High Resistance 


1N482A,B  1N485A, B 

1N483A,B 1N486A, B 

1N484A,B 1N487A 
IN488A 


Compare These Advantages! 
Low Cost—available in large quantities. Mass produc- 
tion results in large savings to customers. 
Subminiature—actual size only 0.265” x 0.105” max. 
Hermetically Sealed—fusion sealed glass package is im- 
pervious to moisture and contaminants. 
Rugged—designed to meet and exceed mechanical and 
environmental requirements of military standard MIL- 
S-19500 B. 


Tested—100% units tested to rigid electrical specifica- 
tions. 

Proven—devices of this design have been in operation 
for several years in critical applications. 


FOR GENERAL SERVICE—CONSIDER THESE VERSATILE GERMANIUM DIODES 


General Purpose 


1N55B 
IN66A 
1N68A 
1N89 
1N90 


1N95 
1N97 
1N116 
1N117 
1N126 


*1N126A 


POINT CONTACT 
High 


1N127 
*1N127A 
IN294A 
1N297A 
1N298A 


1N63A 

1N67A 

IN99 
*1N128 


*1N198 


Available in Production Quantities and Stock 


Resistance Computer 


1N128A 


GOLD BONDED DIODES 


IN34A 
1N38A 
1N100 
1N108 


*1N270 

1N273 
*1N276 
*1N277 


*1N281 
1N283 
1N292 
1N695 


1N191 
1N192 
1N198B 


“Also available to JAN specifications 


Nationwide! 


Write for Data Sheets Today! 


RAYTHEON COMPANY 


SEMICONDUCTOR DIVISION 


SILICON AND GERMANIUM DIODES AND TRANSISTORS @ 
IFFS, N.J., 
ORLANDO, FLA., GArden 3-0518 
DALLAS, TEXAS, LAkeside 6 
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HOward 3-9141 . 
DAYTON, OHIO, BAidwin 3-8128 . 
CANADA: Waterioo, Ont., SHerwood 5-683! + 


PHILADELPHIA, PA., (Haddonfield, N. J.), HAzel 8-1272 
DETROIT, MICH., TRinity 3-6330 . 
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SILICON RECTIFIERS 


LOwe!ll 7-491! (Manhattan, Wisconsin 7-6400) e BOSTON, MASS., Hillcrest 4-6700 e CHICAGO, IL NAtion 


CIRCUIT-PAKS 
15-4000 e LOS ANGELES, CAL 
BALTIMORE, MD., SOuthfield 1-0460 
SAN FRANCISCO, CAL., (Redwood City), EMerson 9-5566 
GOVERNMENT RELATIONS: Washington, D. C., MEtropolitan 8-5205 


transmitters are for high-speed, inter- 
mittent-motion and suddenly applied 
loads up to 10 times rated capacity. 
Ferguson Machine Corp., 7818 Maple- 
wood Industrial Ct., St. Louis 17, Mo. 
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SUB-MINIATURE MOTOR 
BULLETIN 


Bulletin AWH MO-809 (1 sheet) de- 
scribes a new series of subminiature 
reversible d-c motors (Series 14100). 
Complete physical and electrical char- 
acteristics of 2-oz motors, used in a 
satellite, are given as well as product 
features, application and construction 
details. A. W. Haydon Co., 232 No. 
Elm St., Waterbury, Conn. 
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SYNCHROS AND RESOLVERS 


Four-page Condensed Catalog lists over 
100 standard MIL-specification units. 
Frame size (8 to 23), government des- 
ignation, frequency, voltage rating, ac- 
curacy, applicable MIL specification 
and outline drawings given for each 
unit. Vernitron Corp., 125 Old Country 
Rd., Carle Place, L.I., N.Y. 

Circle 781 on postcard at end of book 


MICROWAVE FILTERS 


Present state of the art of microwave 
filter design is discussed in 12-page is- 


sue of PRD Reports, Vol. 7, No. 1. 





a 


Various techniques for designing filters 
are described and their advantages and 
limitations considered. Bibliography in- 
cluded. PRD Electronics, Inc., 202 Til- 
lary St., Brooklyn 1, N.Y. 
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PATCHCORDS 
Small six-page catalog describes im- 
ported patchcords with special banana 
plugs. Specifications for miniature, 
standard, single and dual-branching 
units are included, along with auxili- 
ary equipment such as storage bars and 
racks. Kurt Roedl Co., 1378 Crest Dr., 
Encinitas, Calif. 

Circle 783 on postcard at end of book 


CLAMPS AND COUPLINGS 


Catalog 99 contains 48 pages of di- 
mensioned drawings, specifications on 
gear and synchro clamps and precision 
couplings. Stanco Corp., Div. of Tech- 
Ohm Electronics, Inc., 36-11 33 St., 
Long Island City 6, N.Y. 
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TORQUE LIMITER 


Two-page data sheet T-M-46 contains 
outline drawing, specifications, and ap- 
plication data on variable integral-hp 
torque limiter for shafts, pulleys, etc. 
Unit disengages power upon overload 
or jam-up. Torque settings are 10 to 


150 ft-lb. Torque-Master Div. of Rob- 
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An improved system of 


mixing, metering and 


dispensing two-part 


compounds, resins, 


Torus 
- ls 


Low-cost, portable, compact equipment. 

tested to 98% accuracy. Saves time and ma- 
terial. Single point control. Handles viscosities 
from O to 20,000 C.P.S. at room temperature. 
Selective 1 to 1 up to 20 to 1 component ratios 
for flow or spray direct from original 5 gal. 


pails or 55 gal. drums. 


Simple operation, easy cleaning 


versatile and economical. 


Write for complete literature 


\ ‘sand prices. 
i 


na 5 2) 


20855 TELEGRAPH RD 
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erts Aircraft Engine Co., Burbank, 
Calif. 
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MECHANICAL POWER AMPLIFIER 


Technical Data Sheet EE 1009 details 
the operation and application of me- 
chanical power servo drives. Operation 
of amplifiers, commonly used input 
sources, potential applications and bas- 
ic advantages of mechanical operation 
are discussed. Electronics Div., Seneca 
Falls Machine Co., Seneca Falls, N.Y. 

Circle 786 on postcard at end of book 


POWER TRANSMISSION UNIT 


Bulletin BL-150, 8 pages, describes a 
pulley-size rotary differential planetary 
gear transmission system with capaci- 
ties from fractional to 60 hp. Provides 
charts, tables and cut-away drawings 
furnishing details of construction. In- 
cluded are applications and dimen- 
sional information. Airborne Accessor- 
ies Corp., 1414 Chestnut Ave., Hillside 
By Pd 

Circle 787 on postcard at end of book 


RECIPROCATING TORQUE 
ACTUATORS 

A 4page, 2-color Folder 266013 il- 
lustrates and describes “Rotac” mid- 
get-torque actuator. Unit, 2 in. square 
x 2 in. long, is operated by hydraulic 
or pneumatic pressure to produce re- 


CUSTOM 
ELECTRICAL PORCELAIN 
for 
UL SPECIFIC NEEDS 


INQUIRIES ANSWERED PROMPTLY 


KNOX PORCELAIN CORPORATION 


KNOXVILLE I. 
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YOUR BEST BUY 

FOR APPEARANCE 

AND PERFORMANCE... 
WESTON 301 PANEL METERS 


Now...modern 32-inch meters 
with time-tested Weston movements 


You'll find new design advantages in the familiar, reliable 
Weston 301 panel instruments. Case and mechanism are 
redesigned for modern needs—more reliable than ever 
before —at no increase in cost! 


The exclusive Cormag® mechanism makes the 301 
immune to the effects of stray magnetic fields. Instruments 
can be mounted on magnetic or nonmagnetic panels, close to 
other instruments, without special adjustments. Choose 
between round or rectangular case, modernistically 

styled in phenolic plastic. 


Another design advantage... New 21-inch Weston panel 
instruments—the 201 series—are designed with matching 
cases and incorporate the same advanced features! 


For specifications...information...or the address of your 
nearest distributor, contact your local Weston representative, 
or write to: Daystrom, Incorporated, Weston Instruments 
Division, Newark 12, New Jersey. 
International Sales Division, 100 Empire Street, 

oe Newark 12, New Jersey. In Canada: Daystrom Ltd., 

st » Caledonia Rd., Toronto 19, Ontario. 


Lo 
os STROM s'INCORPORATED 


WESTON INSTRUMENTS DIVISION 


“Reliability by.“Design 
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ciprocating rotary movement. Single- 
vane model produces rotation in max 
arc of 270 deg, movement of double- 
vane model is 90 deg with double 
power. Applications in computers, 
switches, remote control valves and 
other light uses. Ex-Cell-O Corp., 
Greenville Plant, 945 E. Slater St., 
Greenville, Ohio. 
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BALL SCREWS AND SPLINES 


Four-page Data Sheet I covers stand- 
ard ball screw and ball spline actuator 
assemblies. Units vary in operating load 
from 68 to 43,800 lb. Includes informa- 
tion on materials and dimensional spe- 
cifications. Beaver Precision Products, 
Inc., 651 Rochester Rd., Clawson, 
Mich. 
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HYDRAULIC CYLINDER 


Bulletin SH-6-60 contains 16 pages of 
information on interchangeable high- 
pressure square-head 2000-psi-service 
hydraulic cylinders. Dimensioned draw- 
ings, mounting data are included. The 
Tomkins-Johnson Co., Jackson, Mich. 

Circle 790 on postcard at end of book 


V-LINK BELT 


Brochure, 4 pages, offers information 
on twin and single link belts. Belts are 
of oil and heat resistant fabric of ad- 


justable length. Resists compression 

and prevents distortion. Brammer 

Corp., 486 Broadway, New York 13. 
Circle 791 on postcard at end of book 


OVER-RUNNING COUPLINGS 


Four-page brochure describes and il- 
lustrates couplings designed with large 
driving surface for long life but low 
over-running torque. Available for from 
1%-in. to l-in. shafts, 5 to 2000 Ib-in. 
driving torque and 0.02 to 7 lb-in. over- 
running torque. Applications are free- 
wheeling, indexing or backstopping. 
International Mechanisms, Box 25, 
25, Fairport, N.Y. 

Circle 792 on postcard at end of book 


SELF-LOCKING CAPSCREW 


Two-page brochure describes and _ il- 
lustrates screw with double cap, con- 
cave head and seating-type, all-metal, 
reusable locking collar which com- 
presses, causing inside to move in and 
lock radially and axially on stud shank 
and cap shoulder. Designed for vibra- 
tion, high tensile strength, corrosion, 
and high temperature use. Klincher 
Kapscrew, Inc., 2135 Hillside Ave., In- 
dianapolis 18, Ind. 
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LOCK NUTS 


Catalog 592-A describes and illustrates 
line of spring-tempered steel lock nuts, 





including regular hex, integral washer, 
acorn, wing and adjusting nut types. 
Gives 24 pages of design, application 
data; specifications; load ratings; ma- 
terials and finishes. Palnut Co., 66-L 
Glen Rd., Mountainside, N.J. 

Circle 794 on postcard at end of book 


FASTENERS 
Catalog CK-17, 28 pages, lists complete 
line of rivets, machine screws, cotter 
pins, bolts and nuts in various alloys. 
Included are illustrations of fasteners 
accompanied by dimensions and ma- 
terials specifications. Chase Brass & 
Copper Co., Waterbury 20, Conn. 
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SPRING FASTENER CATALOG 


Catalog, 14 pages, describes and il- 
lustrates standard and special fasten- 
ers in twin-prong or cone-type impres- 
sions and push-on types. Data arranged 
so that selection of fastener by style, 
screw or stud size is easily made. Infor- 
mation concerning tensile and torque 
and other pertinent design require- 
ments provided. George K. Garret Co., 
Inc., Dept. 216, Torresdale Ave. at Tol- 
but St., Philadelphia 36. 
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SPIRAL SPACER BROCHURE 


Illustrated 4-page Form 8-659 describes 
universal-type spiral spacer for use 





HOW TO SAVE MONEY 
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when joining crushable panels, out- 
lines potential uses and illustrates typi- 
cal applications with cross-section line 
drawings. Tools and their use in in- 
stallation are illustrated with proce- 
dure drawings. Includes tabulation of 
suggested hole preparation data. Huck 
Manufacturing Co., 2480 Bellevue Ave., 
Detroit 7, Mich. 

Circle 797 on postcard at end of book 


CABLE TIES AND STRAPS 


Four-page Bulletin TR 3 describes ny- 
lon cable ties and straps for securing 
and identifying wiring bundles. Appli- 
cation data, installation instructions 
are included. Thomas & Betts Co., 36 
Butler St., Elizabeth, N. J. 
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METALLIC O-RING SEAL 


Four-page Brochure BX-1 summarizes 
engineering features of all-metal unit 
which seals at extreme temperatures 
(—450 to +-1200 F) and withstands 
peak pressures of 40,000 psi. E. B. 
Wiggins Oil Tool Co., Inc., 3424 E. 
Olympic Blvd., Los Angeles 23. 
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MECHANICAL SHAFT SEALS 


Four-page Brochure SS-607 contains 
specifications, data and illustrations on 
mechanical seals for rotating shafts of 


tures show various seals in use; chart 
gives full size range. Syntron Co., 490 
Lexington Ave., Homer City, Pa. 
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MAGNETIC VINYL TAPE 


Brochure describes flexible vinyl tape 
which can be molded, embossed or hot- 
stamped. Material is magnetic on one 
surface, practically non-magnetic on 
other surface. Graphs describe effects 
of tape thickness and air gap on mag- 
netic attraction. In widths up to 2 in.; 
hardness is approximately 55 durome- 
ter. Applied Magnetics Corp., Leeds, 
Mass. 
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MAGNETIC ALLOY 


Brochure, 16 pages, gives detailed 
background on Moly Permalloy for use 
in the electronics industry. Included is 
information on testing data, hysteresis 
loops, heat treatment data, core loss, 
graphs and magnetic properties. Alle- 
gheny Ludlum Steel Corp., Oliver 
Building, Pittsburgh 22. 

Circle 802 on postcard at end of book 


MAGNETIC CORES 


Catalog PC-109A, 36 pages, presents 
information on iron powder cores. In- 
cluded are property tables and graphs, 


ard cores. Arnold Engineering Co., 
P.O. Box G, Marengo, Ill. 
Circle 803 on postcard at end of book 


WIRE, ROD AND STRIP ALLOYS 


Technical Data Schedule 14 contains 
44 pages of full technical data and 
Federal, Military, ASME and ASTM 
specifications on Monel, nickel, nickel- 
clad copper, Inconel, Inconel X, In- 
coloy, Nionel, Ni Span C, stainless and 
heat-resisting steels, electrical resist- 
tance alloys, glass sealing alloys and 
Iso-Elastic. Techalloy Co., Inc., Rahns, 
Pa. 
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COLOR COATING METALS 


Two-page data sheet describes chemi- 
cal surface treatment to color-coat all 
types of metals in a single treatment. 
Coating is corrosion resistant, color 
fast. Metal Processing Dept., Pennsalt 
Chemicals Corp., 3 Penn Center, Phil- 
adelphia 2. 
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RELAY CATALOG 


Catalog 860 (24 pages) features bal- 
anced rotary armature relays, electron- 
ic time delays and special products. 
Contains environmental characteristics, 
electrical specifications, diagrams and 
drawings. Includes information on con- 


1%4 to 31%e6 in. diam. Installation pic- 


design data and specifications on stand- stant pull-in relays (SV series), solid- 


Select the Rome 50 cord best suited to your ap- 
plication. Available in sizes 18 AWG to 10 AWG as 
type SO—600 volts and 18 and 16 in type SJO— 
300 volts. 

For complete specifications, write to Rome Cable 
Division of Alcoa, Department 24-11, Rome, N. Y. 


Make sure you get all that you pay for, 
but pay only for the quality you need. 

Simple? Yes. The cord you select plays 
a big role in the long-run performance of 
your products. 

Take Rome 50, for example. It’s rugged, but rela- 
tively low cost (compared with premium mold-cured 
cord), designed for conveyors, bus heaters, office 
machines, industrial and commercial appliances. 

The Roprene (neoprene) jacket provides excellent 
resistance to moisture, abrasion, oils, acids, sun- 
light and even to flame. 


Note: If your product is to be used under really rugged conditions, 
Rome 60—vulcanized in metal molds—could be just the ticket. 


ROME CABLE 
DIVISION OF ALCOA 
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state modules and 
Hi-G, Inc., Bradley 
Locks, Conn. 
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voltage sensors. 


Field, Windsor 


CONDUIT HUB 
Schedule ST, 4 pages, describes rigid 
conduit hub for liquid-tight boxes and 
covers. Protects insulation against cut- 
ting and from damage through vibra- 
tion. Wedge adapter eliminates need of 
welding hub to junction box. Appleton 
Electric Company, 1701 Wellington 
Ave., Chicago 13. 
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LAMINATED PLASTIC 


Four pages of mechanical design data 
on laminated plastic made from thin 
wood veneer suggest methods of calcu- 
lating strength of material. Informa- 
tion sheet contains equations, graphs, 
descriptions of tests carried out to 
ASTM, NEMA standards. Permali, 
Inc., P.O. Box 718, Mt. Pleasant, Pa. 


Circle 808 on postcard at end of book 
DRY-REED RELAYS 


GENERAL-PURPOSE RELAYS 
Four-page Circular 1942A offers in- 
formation and specifications on relays 
capable of 100 million operations. Op- 
erating voltage 220 volts, a-c or d-c. 
Operating time ranges from 0.002 to 
0.050 sec. Includes contact informa- 
tion, mounting configurations and di- 
mensions. Automatic Electric, North- 
lake, Ill. 
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CRYSTAL-CASE RELAY 


Bulletin 1064 contains four pages of 
data on a DPDT general-purpose re- 
lay. Outline drawings, specifications of 
various models included. Union Switch 
& Signal, Div. of Westinghouse Air 
Brake Co., Pittsburgh 18. 
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MINIATURE RELAYS 


Technical Bulletin BR-595 describes 
series of BR-14 4PDT, hermetically 
sealed relays. Provides complete elec- 
trical, mechanical and operating spec- 
ifications. Units meet MIL-R-5757C 
Bab- 


applications of powdered-metal parts. 
Discusses design principles and illus- 
trates different types of furnaces used 
to heat-treat the compacts. Electric 
Furnace Co., 600 W. Wilson St., Salem, 
Ohio. 
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ELECTRONIC CONTROL EQUIPMENT 


Booklet F-9538, 20 pages, covers ap- 
plication of electric and _ electronic 
controls of commercial and industrial 
air-conditioning installations. Explains 
theory of electronic control; illustrated 
with photographs and diagrams. Bar- 
ber-Colman Co., Rockford, Ill. 
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SOLENOID VALVES 


Catalog 25, 4 pages, gives information 
on 2-, 3-, and 4-way solenoid valves. 
Units are explosion-proof and water- 
tight in Class A and Class H types. 
Valves handle pressures to 1500 psi. 
Automatic Switch Co., Florham Park, 


N.J. 
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and MIL-R-25018 requirements. 
cock Relays, Inc., 1640 Babcock Ave., 
Costa Mesa, Calif. 
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LOW-PRESSURE DIAPHRAGM SWITCH 


Bulletin C130-HA5 describes pressure- 
sensitive switch. Switch senses pres- 


sure as low as 0.25 in. of water. SPDT 
teristics, and application data. Struth- SINTERING BULLETIN contacts are rated from 15 amp at 120 
ers-Dunn, Inc., Pitman, N. J. Sixteen-page Bulletin 603 describes 


to 250 volts a-c. Housing is dust-tight 
Circle 809 on postcard at end of book | advantages, physical properties and and splash-proof with sealed connect- 


Bulletin RR-1 describes line of encap- 
sulated l-amp resistive dry-reed relays 
in 1, 2, 4, 12 and 20-pole types. Bulle- 
tin contains illustrations, full charac- 


LVA ALLEN 


Heavy Duty 
PUNCH PRESSES 


Zenith Automatic Control 
Equipment provides a full 
line of the most accurate and 
reliable timing devices avail- 
able to industry. This preci- 
sion-engineered equipment 
features field-proven design, 
simple construction and... 
most important... years of See your Supply Dealer 
completely dependable main- —— Moderate or tie for eae giv- 
tenance-free service. re 7 in Price ing complete informa- 
Whatever your timing re- Hundreds of Different tion, specifications and 
quirement... program, inter- Model Combinations prices on our line of 
val, reset, multiple circuit, 1 to 25 ton capacities Heavy Duty Punch 
process or explosion-proof... Presses. 
remember that Zenith is the 
recognized specialist ... also 
day or calendar switches, au- 
tomatic and remote control 
switches, con- 
tactors and all 
types of special 
electrical control 
equipment. 


Powerful 
Dependable and Economical 
Fully Guaranteed 


Program 
Timers 


Thousands in Use 
the World Over 


Interval 
Timers 


(. a, 


NN 


Process 
Timers 


, Write for latest ; , ‘ i | , — $450 
Bulletin —- ~ Friction Roll Feed 
c . Model B1-5—5-Ton as low as —$145.00 
Punch Press 
less motor —tob 4 ~ lens eater eb 


ALVA ALLEN INDUSTRIES, Dept. ET 
PTC mele Tel. TUrner 5-3331 


Explosion- : 
Proof See classified telephone 


Timers directory for local distributor. 


152 WEST WALTON STREET © CHICAGO 10, ILLINOIS 


Multicircuit Timers 
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Smaller Panels 


WITH SQUARE D 
a 'ystem-Designed” 
RELAYS — 


« Square D relays are available for both AC and 
DC systems—with up to 10 contacts—in both 
electrically and mechanically held forms. Tim- 
ing relays are also available in AC and DC ver- 
sions—with timing intervals from 0.2 second to 
3 minutes. 
Both relays and timers give youthese important 
advantages: 
Require less panel space - Relays are only 3” 
wide, range in height from 3)4” to 5”. Timers 
: are just 2%” x 43%” or 2” x 7742”. Mechani- 
CLASS 8501 ~ ie  - cally held relays require no extra panel space. 


TYPE DO-22 No mounting problems - All Type A timers and 


Type D relays have identical mounting hole 
dimensions. 


Easy wiring - Choose either pressure wire con- 


7 nectors or slip-on connectors for all terminals. 
Write tor Bulletin D. 
Square D a ei : Long life - Balanced construction reduces wear 
? 


b Ri é on single moving part. Epoxy-resin molded coil 
+041 Richards Street, Milwaukee 12, Wisconsin operates cooler, virtually eliminates coil burnout. 


Disassembly from front Convert any Square D DC relays have contact Timing relays converti- 
in 20 seconds makes Type D relay to mechan- arrangements and ble from on-delay to off- 
Square D Type D relays ically held with easy-to- mounting hole dimen- delay, using only a 
easiest to maintain use attachment sions identical to AC screwdriver 


Square D offers the broadest line of relays, starters and accessories 
for all types of control systems 


SQUARE J) COMPANY 


WHEREVER ELECTRICITY IS DISTRIBUTED AND CONTROLLED 
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ing leads. Henry G. Dietz Co., Inc., 
12-16 Astoria Blvd., Long Island City 
2X, 
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SEALED ROTARY SWITCH 
Catalog D-460 (13 pages) describes 
standardized 150,000 series 
switches. Contains three sections 
which illustrate 3072 standard de- 
signs, including dimensions, drawings, 
mountings, receptacles and _ wiring, 
complete control and performance data, 
environmental conditions, duty cycles, 
voltage codes and approximate “hold- 
in” resistor values. Ledex Inc., 123 
Webster St., Dayton 2, Ohio. 
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recently 


DIFFERENTIAL-TRAVEL SWITCH 


Two-page Data Sheet 179 includes di- 
mension drawing, operation diagrams, 
electrical characteristics and _ price 
data on 20-amp snap-action switch. 
Unit has 0.0025-in. minimum differen- 
tial travel, adjustable to 0.007 in. 
Micro Switch, Freeport, III. 
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PRECISION-SWITCH CATALOG 

New 32-page Catalog 10-1 contains di- 
mension drawings, descriptions, force 
and movement specifications, electrical 
ratings and photos; data on_ bases, 


terminals, circuit arrangements and 
NEMA standard definitions of snap- 
acting precision switches. Includes hp- 
rated 2HL series, double-pole double- 
throw DA series, sealed series and 
integral and auxiliary actuator styles. 
Unimax Switch Div., The W. L. Maxon 
Corp., Ives Rd., Wallingford, Conn. 
Circle 819 on postcard at end of book 


PIN-LIGHT BROCHURE 
One-sheet “Pinlite” brochure describes, 
illustrates and gives data on tiny Ya 
in. diam x %e in. long light source. 
Operating voltage, 1.5 volts; current, 
15 ma; light output, 60 millilumens; 
life expectancy, over 1000 hr. Kay 
Electric Co., Maple Ave., Pine Brook, 
N.J. 
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LOW-VOLTAGE INDICATOR LIGHT 


Data sheet gives information on Model 
DS-1000 solid-state indicator light. 
Consists of a transistor flip-flop housed 
in a black anodized aluminum case. 
Will switch 2-ysec pulse with an in- 
put of 1 ma. C & K Components, Inc., 
101-103 Morse St., Newton 58, Mass. 
Circle 821 on postcard at end of book 


ELECTROLUMINESCENT PANELS 


Data sheet describes characteristics 
and construction of panels for use as 


instrument panel boards. Panel life is 
more than 5000 hr.; 4 in. x 4 in. re- 
quires 0.07 watts at 110 volts. Light 
ranges from 0.1 to 72 ft-lamberts, de- 
pending on voltage and frequency. 
Controls Co. of America, Control 
Switch Div., 1420 Delmar Dr., Folcroft 
Pa. 
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MINIATURE SHAFT ENCODER 


Brochure of 9 pages describes AD 11- 
13 V-scan shaft-angle encoders and 
systems application. Encoder has 1-in. 
diam, 1.828-in. length, and weighs 2.4 
oz. Standard resolutions available are 
8, 13 and 18 bits. Input resolution is 1] 
part in 256 per shaft turn. Brochure 
contains photos, specifications, appli- 
cations and circuitry for both parallel 
and serial readout. Shaft Encoder 
Sales, Litton Systems, Inc., 5500 Ca- 
noga Ave., Woodland Hills, Cal. 
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READOUT LAMPS 

Four-page Rayescent catalog describes 
electroluminescent digital and symbol 
readouts. Principles of operation, typi- 
cal lamp types and operating data are 
included. Rayescent Lamp Dept., West- 
inghouse Lamp Div., Westinghouse 
Electric Corp., Bloomfield, N.J. 
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(Continued on page 166) 





@ For Critical Reliability Applications. 


@ Quick changing of programs, configurations, circuits. 
@ Maintenance problems completely eliminated by unique 


5-second wafer replacement models. 


R Selector Switch, Series RS15. 
Manually (illustrated), motor or solenoid 
operated. 


1%" 11%” 


3” x 2%” Rotary Selector Switch, Series RS30. 
ey (illustrated), solenoid or motor 
operated. 


CHICAGO DYNAMIC INDUSTRIES, Inc. 
ear ane et Nene aT ae 


Phone: WEllington 5-4600 


2%" x 254” Rotary Selector Switch, Series RS21. 
Solenoid , manually or motor operated. 


Selector Switch, Series RS40. 


4” x # Rotary 
Motor , manuaily or solenoid operated. 


THUMBWHEEL SWITCHES 


TABET US. Patent 2,841,660 


Binary & Digital 
@ For Critical Reliability Applications. 


@ Available with internal lighting MIL-L-25467A. 


Permanent water type, Series TSD-P. Only 4” 
panel space needed per module. Also 
available in multi-deck series TM. 


switches per assembly. 
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Permanent wafer type, Series TSB-P. Available 
in 8, 10, 12 of 16 positions, up to 36 


@ 


Removable wafer type, Series TSD-R. For con- 
tinuous operation applications where in- 
terruptions must be held to an absolute 
minimum. 


Removable wafer type, Series TSB-R. For 
applications where maintenance time is 
valuable and rapid servicing a necessity. 


TIL MDE UsSmy 
s Tigsgete pl Pape oe Teh 


Phone 


Chicago 14, Iilinois 
WE Ilington 5-4600 
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Yard and Garden Tools 


‘ 


~~ 3 
iw td 


Power Supply Cords 


| 


| 


WIREMAKER FOR INDUSTRY 
SINCE 1902 


cs 
| 


* 


One Wire Source for Everything 
Electrical and Electronic 


The Belden design of the 3-leaf Phosphor bronze con- 
tacts used in heater appliance plugs provides the best 
and longest lasting electrical and mechanical connec- 
tions available. 

Belden cords are manufactured to UL specifications 
and bear the UL flag label with the SECC emblem. 


BELDEN MANUFACTURING COMPANY 
Chicago 80, Illinois 


| 
| 


\ 
| 


The Belden plug stays in the outlet 


GRIP PRONGS*—give dependable service on all electrical 
equipment. Available on the better complete cords only. 


GRIP PRONGS* 
1 Plug stays in—good Expand and actually 
— even in worn grip sides of slot. 
outlets. : 


2 Maintainsbestpossible —_ positive 
electrical connection. electrical 
contacts. 


3 Prevents damage to the _ tae 


electrical contacts in 
receptacle. 


Belden Grip Prongs—U. $. Patents: 2,439,767; 2,671,205. Canadian Patents: 438,585; 506,946 


Magnet Wire « Lead Wire + Power Supply Cords « Cord Sets « Portable Cordage « Electronic Wire 
17-1-9 Automotive Replacement Wire and Cable « Aircraft Wire « Electrical Household Replacement Cords 
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OPTIC READOUT DISPLAY tests to MIL-STD-202A. Radiator- 


Four-page Booklet 1003 describes Mod- transistor combination increased effi- 
el SD-11 miniature incandescent read- ciency by 


25 per cent, prevented ther- 
out. Contains detailed information on ™al runaway. Write on letterhead to 
Carhon theory of operation. Mounting infor- Birtcher Corp., Industrial Div., 4371 
mation, mechanical and electrical spec- Valley Blvd., Los Angeles 32. 
ifications and lamp information are 
Brush Caps included. Burroughs Corp., Electronic GYRO AND SERVO-SYNCHRO- 
Tube Div., Plainfield, N.J. GENERATOR TECHNICAL DATA 
Circle 825 on postcard at end of book Two texts on high-precision rotary 


FOR MAKERS AND components have been revised and 
USERS OF re-issued. 
ELECTRIC Manu facturer’s “Technical Information for the Engi- 


neer—Servo Motors, Motor Generators, 
MOTORS Publications Synchros,” 65 pages, describes impor- 
tant technical aspects associated with 
servo components and use in systems. 
Reference is replete with diagrams, 
charts, outlines, tables, schematics, defi- 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, nitions and formulas. 
mentioning ELECTRO-TECHNOLOGY as your “Technical Information for the Engi- 
source. neer—Gyros” reviews theoretical con- 


eas siderations and details performance, 
application, construction and _ testing 
: ALLIED RADIO CATALOG of instruments such as rate gyros, rate- 
Catalog 200A (1961) is 576 pages and integrating gyros, rate switches, free 
lists 48,000 items. Contains wide range gyros, vertical gyros, directional gyros, 
of electronic components and devices. stable platforms and accelerometers. 
INTERNAL OR EXTERNAL THREAD Available on letterhead request from Forty-four pages in length, this edition 
Allied Radio Corp., 100 No. Western contains diagrams, equations, charts, 
Ave., Chicago 80. graphs, tables and photographs which 
serve to illustrate topics discussed. 
SEMICONDUCTOR HEAT Both publications are available on 
RADIATORS letterhead request to Kearfott Div., 
Four-page qualification test reports General Precision, 1150 McBride 
disc uss semic conductor heat dissipation Ave., Little Falls, 


WITH OR WITHOUT INSERTS st : : LOW | : 
S@ ae" COST oD OW 
® OW ARD FRACTIONAL 
H.P. INDUCTION 
MOTOR 


for Typewriters—Business Machines— 
SEND acs Computors—Recorders—Appliances— 

J OF 7%. MORE POWER, SMALLER SIZE, LONGER 

YOUR PRINTS LIFE, TOUGHER CONSTRUCTION... ALL 
FOR QUOTATION tf ' a AT LOWER COST! 

e 3” diameter—26 frame size ® 2 pole ratings 

A, f from 15 milli-h.p. to 1/10 h.p. © 4 pole ratings 

eHidwest e —_ mi fA from 15 milli-h.p. to 1/20 h.p. @ Available in 

wd | ‘ me hysteresis synchronous, permanent split 

NENTS DIVISION | ey / 


TRIPLE ‘‘M"’ ELECTRO capacitor, split phase and capacitor start 











models @ Single or double shaft ¢ Resilient 
mount, foot mount or face mount 


RFPLASTICS Write today for samples and prices! 


for Electrical Applications 
Divisions: G® Electric Motor Corp. ©) Cyclohm Motor Corp. CS Loyd Scruggs Co. 
123 Rotary Drive 


GURNEE, ILLINOIS | HOWARD INDUSTRIES, INC. ¢ 1720 State Street ¢ Racine, Wisconsin 
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ARNOLD: 


WIDEST SELECTION OF 
MO-PERMALLOY POWDER CORES 


FOR YOUR REQUIREMENTS 


For greater design flexibility, Arnold 
leads the way in offering you a full 
range of Molybdenum Permalloy 
powder cores . . . 25 different sizes, 
from the smallest to the largest on the 
market, from 0.260’’ to §.218’’ OD. 

In addition to pioneering the de- 
velopment of the cheerio-size cores, 
Arnold is the exclusive producer of 
the largest 125 Mu core commercially 
available. A huge 2000-ton press is 
required for its manufacture, and in- 
sures its uniform physical and mag- 
netic properties. This big core is also 
available in three other standard per- 
meabilities: 60, 26 and 14 Mu. 

A new high-permeability core of 
147 Mu is available in most sizes. 


JANUARY 1961 


These cores are specifically designed 
for low-frequency applications where 
the use of 125 Mu cores does not result 
in sufficient Q or inductance per turn. 
They are primarily intended for appli- 
cations at frequencies below 2000 cps. 

Most sizes of Arnold M-PP cores 
can be furnished with a controlled 
temperature coefficient of inductance 
in the range of 30 to 130° F. Many 
can be supplied temperature stabilized 
over the MIL-T-27 wide-range speci- 
fication of —55to +85°C.. . another 
special Arnold feature. 

Graded cores are available upon 
special request. All popular sizes of 
Arnold M-PP cores are produced to 
a standard inductance tolerance of + 
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or —8%, and many of these sizes are 
available for immediate delivery from 
strategically located warehouses. 
Let us supply your requirements for 
Mo-Permalloy powder cores (Bulletin 
PC-104C). Other Arnold products in- 
clude the most extensive line of tape- 
wound cores, iron powder cores, per- 
manent magnets and special magnetic 
materials in the industry. @ Contact 
The Arnold Engineering Co., Main 
Office and Plant, Marengo, Illinois. 
ADDRESS DEPT. EM-1 


ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 


CITIES ¢ Find them FAST in the YELLOW PAGES 


1187 





high 
wol tage 


SELENIUM 
CHANNEL TYPE... 
RECTIFIERS Current rating up to 


25 milliamps; surge 
1.5 amps at 19.2 KV PIV 


SPECIALS ... 
CTR Come Cm e 


Radio Receptor has available a 
complete range of high voltage 
selenium rectifiers for all your 
circuit requirements. For 
technical information, circle 
Reader Service Card No. 180 


e e€eAtle y 
RADIO RECEPTOR COMPANY, INC. 
Subsidiary of GENERAL INSTRUMENT CORPORATION 


> ‘4° 240 Wythe Avenue, Brooklyn 11, N.Y., EVergreen 8-6000 


€ Lia® 
GENERAL INSTRUMENT CORPORATION INCLUDES SEMICONDUCTOR DIVISION © F. W. SICKLES DIVISION © AUTOMATIC MANUFACTURING DIVISION 


RADIO RECEPTOR COMPANY, INC. © THE HARRIS TRANSDUCER CORPORATION © MICAMOLD ELECTRONICS MANUFACTURING CORPORATION 
AND IN CANADA GENERAL INSTRUMENT LTD., WATERLOO, ONT 
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Rating range 75 to 1,600 
mils; 30 to 250 volts A.C 


Here’s the price, package USS 
and performance Outstanding transient and 
current overload capabilities; 


you've been looking ola | exceptionally long life 


aa rectifiers ee | Priced surprisingly low; the 
155 volt, 90 mil bridge costs 


only 60¢ in. quantity! 


Completely prepackaged bridge, center tap, 
doubler and half wave assemblies 


— 


i 
\ 


Subsidiary of GENERAL INSTRUMENT CORPORATION 


a 3 eae Ale, 
val | RADIO RECEPTOR COMPANY, INC. 
Fe, ‘ae’ 240 Wythe Avenue, Brooklyn 11, N.Y., EVergreen 8-6000 


GENERAL INSTRUMENT CORPORATION INCLUDES SEMICONDUCTOR DIVISION © F. W. SICKLES DIVISION * AUTOMATIC MANUFACTURING DIVISION 
RADIO RECEPTOR COMPANY, INC. ® THE HARRIS TRANSDUCER CORPORATION *® MICAMOLD ELECTRONICS MANUFACTURING CORPORATION 
AND IN CANADA GENERAL INSTRUMENT LTD, WATERLOO, ONT 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments 
in electrically operated end products . . 


tions and available application data. 


CONTROLS FOR 
MOTOR RELAYS 
Sensitrol Models 1071 and 1072 use 


plug-ins for control or alarm of any 
electrical quantity. Model 1071 is load 
contact aiding type, 1072 is magnetic 
contact type. Control package for 1071 


consists of d-c power supply and two 
relays with 5-amp load capacities. Con- 
trol package for 1072 consists of two 
a-c relays with 5-amp capacities. Both 
controls can be connected to a 120-volt, 
60-cps line. Design features include 
100-deg scale, adjustable relay contacts 
over entire scale, provision for temper- 
ature-compensating spring for cold end 
compensation. Mates with standard 11- 
pin octal sockets. Sensitivtiy, 5 wamp. 
Indicator accuracy, +1 per cent. Con- 
tact accuracy, +4 per cent full scale 
for lock in. Daystrom, Inc., Weston 
Instruments Div., 614 Frelinghuysen 
Ave., Newark 12, NJ. 


Circle 501 on postcard at end of book 
D-C AMPLIFIER 


Amplifier for temperature control or 
pressure control applications can be 


used with temperature pickup, pres- 
sure pickup or potentiometer. Unit can 
also be used as a relay driver; para- 
meters are adjustable to provide essen- 
tially bi-stable action. Vapor Heating 
Corp., 6420 W. Howard St., Chicago 48. 

Circle 502 on postcard at end of book 


LOW-LEVEL 
MAGNETIC AMPLIFIER 


Two self-saturating full-wave magnetic 
amplifier Models MA, designed for 60 
and 400 cps excitation, can be used as 
either linear or bistable amplifiers with 
d-c or a-c output. Hermetically sealed, 


fully potted units have three independ- 
ently isolated control windings: two 
high gain and one low gain. Maximum 
power output, 0.85 watt; power gain, 
over 100,000; operating ambient tem- 
perature, —55 to +-100 C. Model MA- 
31 is for 400 cps. Model MA-36 is for 
60 cps. Magnetico, Inc., 6 Richter 
Court, E. Northport, L.I., N.Y. 
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HIGH-VOLTAGE 
POWER SUPPLIES 


Solid-state supplies offer 12 or 28 volt 
d-c input, outputs from 400 to 2000 
volts d-c at 20 pamp. Other units furnish 
a 12- or 28-volt d-c output at 100 ma 
from a 117-volt a-c source. Regulation 
is 1 per cent no load to full load, volt- 
age shift is +1 per cent from 0 to 
+-55 C. Units measure 154 x 15 x 234 


. . . screened for design-in use 
. complete with all released specifica- 


in. Smith-Florence, Inc., 4228-23rd W., 
Seattle 99, Wash. 
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SOLID-STATE 
SERVO AMPLIFIER 


Model 122 general-purpose servo am- 
plifier is a 20 watt, 60-cps unit for use 
with both d-c and a-c inputs. A 100-my 
input gives 115-volt, 60-cps output to 
rated load. Unit is self-protecting from 
input-caused overload. Input impedance, 
over 300 k for signal input and 25 k 


for tachometer input; output imped- 
ance, less than 100 ohms. Noise output 
is negligible; harmonic distortion, less 
than 10 per cent. Dimensions, 6 x 6 x 
1l in.; weight, 12 lb. K-F Products, 
Inc., 3100 E. 43 Ave., Denver 16, 


Colorado. 
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SOLID-STATE 
MOTOR-LOAD CONTROL 


Control motor load through 
shunt or current transformer in motor 
circuit, matches load signal against 
preset control signal and adjusts load 
as required by means of a control 
signal proportional to error. Unit has 
no vacuum tubes or relays, available 


senses 


ELECTRO-TECHNOLOGY 
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your delivery date... 
the requirements of Mil E-4970°. .. 


Luxolene Molded 


Luxolene epoxy molded coils, manufactured on 
production basis, meet the requirements of Mil 
E-4970* and are engineered especially for appli- 
cations involving sand, fungus, high and low tem- 
perature, humidity, vibration, shock, salt spray, 
sunshine or dust. 


Luxolene coil windings are completely encased in 
thermosetting epoxy resin by incorporating a core 
tube of the same material as is used in the en- 
capsulating process. Luxolene Epoxy resin is ap- 


Deluxe COILS, INC. 
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Coils meet both! 


proved by Underwriters Laboratories as a Class B 
(130°) insulating material. Available in colors— 
black, green, blue, yellow, orange and red. 
From design to delivery, Deluxe engineers work 
with you. Capacity for volume production, with 
highest degree of accuracy, assures your meeting 
delivery schedules on any product from washing 
machines to missiles. 


For specific information write to Deluxe Coils, Inc., 
P.O. Box 454 or phone Wabash 1720. 


*Certified by American Laboratories Report No. 9-3612-CH. 
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WABASH, INDIANA 


Pi tsa es 
INDUCTION 


mates 
heating equipment represents 

the most advanced thought in the 
field of electronics ...the most prac- 
tical and efficient source of heat 
developed for numerous industrial 
applications. You are invited to send 
samples of work with specifications 
OTe 4 eC 
turn the completed job with full data 
and recommendations without cost 
or obligations. 


TYPICAL INDUCTION 
HEATING APPLICATIONS 


__ con 00 
| 


TEMPERED SECTION 


Punch Heads Selectively 
Tempered 


Diagram shows arrangement for se- 
lectively tempering heads of alloy 
steel punches. The use of a combina- 
tion type solenoid and pancake in- 
duction coil reduces hardness from 
Re 55/56 to Re 41/44, improving 
resistance to brittle fracture at the 
head of the punch. In this case a 
heating cycle of 55 seconds provides 
uniform tempering. A multiple posi- 
tion fixture, processing 4 pieces at 
one time, speeds up production 


\ rset Heating 
IT \\\ a Non-Conducting 


\ *| 


Materials 
To High 
Temperatures 


0000000000— 
fetes 
0000000000 


ox 


laboratory analyses frequently re- 
quire heating of non-conducting 
materials to temperatures of 3,000 
to 3,500° F. in vacuum or special 
atmosphere. This can be accomplish- 
ed by induction heating with the aid 
of a metal susceptor. Diagram shows 
the fusion of mica samples in an alu- 
mina crucible, using molybdenum 
susceptor. A ceramic tube surround- 
ing the susceptor isolates the work for 
fusion in a vacuum. The molybdenum 
susceptor is heated by induction, 
which in turn, heats the crucible by 
radiation. 


WRITE FOR NEW LEPEL CATALOG 
Electronic Tube Generators from 1 Kw to 100 Kw 
Spark Gap Converters from 2 Kw to 30 Kw 


Vi WANS Mast 9, 
Cf TPT TL) Se 


55th ST. & 37th AVE., WOODSIDE 77, N.Y. 
Chicago Office—6246 W. North Ave. 
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in explosion-proof enclosure. Controls 
motors from fractional to several hun- 
dred horsepower. Full line of motor 
actuators to receive signals from load 
control available. Jordan Controls, Inc., 
3235 W. Hampton Ave., Milwaukee 9. 
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TABLE-MOVEMENT 
CONTROL DRIVE 


Drive suitable for point-to-point or con- 
tinuous table-movement control can be 
automatically impulsed to follow input 
signals to change speed or mode of 
operation. Speed changes, acceleration, 


deceleration, shaft rotation stop, dy- 
namic braking and reversing are se- 
quenced. Receives commands manually, 
mechanically, electrically or electroni- 
cally. Accommodates inputs from 
punched tape controls. Units have rat- 
ings from 449 to 3 hp. ECI Manufactur- 
ing Div., Electronic Controls Inc., 85 
Magee Ave., Stamford, Conn. 
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HIGH-VOLTAGE 

POWER SUPPLIES 

Series of power packs is encapsulated, 
epoxy dipped or sealed and oil filled. 
Solid-state type has 6 to 28 volt d-c 
input, from 2000 to 50,000 volt d-c out- 


TRANSISTORIZED 


TUBE OSCHLLATOR TYPE 
LIME VOLTAGE TYPE 


put. Tube oscillator type operates from 
200 to 300 volts d-c, with 2000 to 30,000- 
volt d-c output. The 60 to 400-cps line 
voltage type has output to 100 kv. Plas- 
tic Capacitors, Inc., 2620 Clybourn Ave., 
Chicago 14. 
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MAGNETIC SCR TRIGGERS 


Models 3A12 and 3A22 triggers are in- 
tended for triggering Type C10 or equiv- 
alent silicon-controlled rectifiers to ob- 
tain uniformly variable output power 
in response to d-c or a-c control signals. 


Model 3A12 is an 8-0z, 24g x 1% x 
14% in. single-output trigger for half- 
wave use. Model 3A22 is a 12-0z, 3°52 
x 1144 x 1% in. dual-output trigger for 
full-wave or half-wave push-pull use. 
Power requirements, 105-125 volts, 55- 
65 cps; operating temperature, —20 to 
+55 C. Other triggers available for 
400-cps operation. Engineering Div., 
Ovitron Corp., 37-05 48th Ave.; Long 
Island City, N. Y. 
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SIZE 8 LINEAR 
TRANSFORMER 


Transformer Model 9708-005 delivers 
14 watt power into a 500-ohm load 
while retaining 0.33 per cent linearity 
over +30 deg range. Working into a 


3000-ohm load, unit is linear to 50 
deg. Input, 26 volts, 400 cps; phase 
shift control, to +30 min of arc. Also 
available in brushless version, unit is 
designed to meet all other conditions 
of MIL-E-5272 and MIL-E-5400. Oper- 
ating temperature range, —55 to -+-125 
C. IMC Magnetics Corp., Western Div., 
6058 Walker Ave., Maywood, Calif. 
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ROTOR-FED TRANSOLVER 


Type 4255-01 Size 8 “transolver” syn- 
chro uses rotor as primary instead of 
stator. Error variation is +7 min 
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MOTORS 


1/200 thru 200 HP 


from machine tools to typewriters... 


..- Robbins & Myers 
motors power them all! 


Each R&M motor, 1/200 through 200 HP, is electri- 
cally and mechanically designed with life-prolonging 
features which assure dependable operation, simplified 


installation and low maintenance. From rugged machine ty tey) ay fractional motors. 

tools to complex business machines, there’s an R&M mee ee 1/200 to 1 hp 

motor for every job... Fractional and Integral H.P. 

Motors and Motor Parts in all popular mountings, elec- 

trical types and enclosures. Most are ready for off-the- 

shelf delivery. Others can be quickly produced. Should 

you require custom motors, R&M’s experienced appli- 

cation engineers, aided by modern electronic computers, 

can furnish the one design best suited to your needs. ' 

Write today for information, or send your powering = Ten PL peach 28 adil 

problem to R&M. No obligation, of course! YET ar ir a 4 pt: Ag 4 
re 1/50 to 1/2 hp 


ROBBINS & MYERS, INC., Springfield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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ARCING 


SUPPRESSED AT LOW COST WITH 
ITT SEMICONDUCTOR CONTACT PROTECTORS 


Specifically developed by ITT for are suppression in 
switched circuits with inductive loads, these low-cost semi- 
conductor devices can reduce contact erosion due to arcing 
by a factor of 100 or better. They provide efficient contact 
protection in both AC and DC applications. 

Spike-shaped oscillograph trace below, shows voltage 
across an unprotected contact switching a relay; step- 
shaped trace shows improvement with a back-to-back semi- 


conductor protector connected across coil. 


For complete specifications, 
write for Bulletin No. 


IT" 


ae 


SEMICONDUCTOR DEPARTMENT MCOMPONENTS DIVISION 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 
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for faster assembly, uninterrupted production... 


Use TOUGH, UNIFORM, ACCURATE 
Ceramic Parts from Wisconsin Porcelain Co. 


Defective, bad-fitting components slow 
down assembly, make for inefficient pro- 
duction. The result is higher overhead, 
lower profits. 


But—Wisconsin Porcelain Co. can 
help you keep costs at a minimum by 
providing you with highly uniform por- 
celain, refractory, steatite or filter body 
parts. Wisconsin Porcelain Co. has over 
40 years experience in efficient and eco- 
nomical production of ceramic parts to 
meet your exact needs. 


Find out for yourself what Wisconsin 
Porcelain can do for you. Send us your 
ceramic parts requirements today. A 
sample or blueprint will do. You’ll get 
a prompt reply. 


Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN Porcelain Co. 
115 Market St., Sun Prairie, Wis. 


In the Chicago Industrial Area 
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ROTOR 


LACK HITE 


checked as a control transformer with 
rotor excited. Input voltage, 11.8 volts 
with rotor as primary: input current, 
0.036 amp; output, 22.5 volts; lead 
phase shift, 12.3 deg. Rotor resistance, 
86 ohms; stator resistance, 310 ohms. 
Temperature range, 55 to +125 C, 
weight, 1.6 oz. John Oster Manufac- 
turing Co., Racine, Wis. 


Circle 511 on postcard at end of book 


CONSTANT-VOLTAGE 
OUTPUT TRANSFORMER 


Transformers for automated processing 
and machinery control feature short- 
circuit overload protection. Units have 
standard output ratings of 10, 12, 14 
16 and 18 volts. With input voltage of 


90 to 130 volts, output voltage does 
not vary more than +1.5 per cent. 
Output voltage variation from 14 load 
to full load is +3 per cent. Essex 
Electronics Div., Nytronics, Inc., 550 
Springfield Ave., Berkeley Heights, N.J. 
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MULTIPLE 
POSITIONING CONTROL 


Electromechanical Model PR2A servo 
positioner automatically positions ma- 
chine tools, valves and other devices at 
predetermined positions. Unit has two 
cam rods and connecting link which 
attaches to mechanisms under control. 
As cam rods slide back and forth in- 
side two channel grooves in extruded 
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End-of-line clipper 


Clipper tube is connected 

across the far end of the 

pulse-forming network in 

series with a resistive load CLIPPER 
whose value approximates TUBE 
the network impedance. When 

the clipper tube is triggered, 

the pulse-forming network 

terminates in its characteristic 

impedance thereby reducing 

the inverse voltage to zero 


Positive protection 
against destructive 
voltages with 
Tung-Sol Clipper 


Thyratrons 


line-type radar modulators require clipper protection 
against excess inverse voltages, which can destroy costly 
components and increase equipment downtime. Clippers 
also perform valuable circuit service by regulating pulse 
amplitudes and reducing switch tube loading. 


But until Tung-Sol developed these high-reliability hy- 
drogen-filled clipper triodes previously used clipping de- 
vices brought some serious disadvantages to the job. 

Now, however, you can be sure of perfect clipping ac- 
tion when you design Tung-Sol clippers into your equip- 
ment. More rugged and less costly than solid state devices, 
more efficient with a much lower dynamic impedance than 
vacuum clippers, and faster acting and more resistant to 
arc-back than gas diodes, the new Tung-Sol thyratron 
clippers are designed and built to deliver uncompromised 
performance. 

The low “firing” voltage and the ability to carry large 
peak currents make these hydrogen clipper thyratrons 
ideal for this application. These tubes also feature hydro- 
gen reservoirs which promote long life by providing an 
automatic mechanism for replenishing hydrogen lost by 
“cleanup”. 


Circuit requirements are simple whether the Tung-Sol 
thyratrons are used as “end of the line” clippers, “across ® 
switch” clippers or “tail biters’’. 


Write for complete technical details on the new 7454 
and 7455 Clipper Thyratrons. Tung-Sol Electric Inc., 
Newark 4, N. J. TWX:NK193. 


Technical information available through ATLANTA, GA.; COLUMBUS, OHIO; CULVER CITY, CALIF.; DALLAS, TEXAS; DENVER, COLO.; DETROIT, MICH.; 
IRVINGTON; N. J.; MELROSE PARK, ILL; NEWARK, N. J.; PHILADELPHIA, PA.; SEATTLE, WASH. IN CANADA: ABBEY ELECTRONICS, TORONTO, ONT. 
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NEW G-E “WEDGE 3 BASE” LAMP 


SAVES SPACE, SAVES MONEY, 
SAVES TIME, SAVES MANPOWER 
+ 


¥ 


(Nes 


OLD #57 
in socket 


NEW WEDGE BASE 
in socket 


4 


The new “Wedge Base’’, all-glass, incandescent indicator lamp is an 
exclusive G-E development designed to replace the old #57 and other 
similar bayonet-based lamps. It’s available in 6.3 and 12 volts. See below. 

The Wedge Base saves space because, with its holder, it is considerably 
smaller than the old #57. It saves money because the holder and total in- 
stallation costs are less. It saves time because the holder is easier to install 
and the lamp can be seated with just a push. And it saves manpower because 
installation can be automated and holders can be molded into plastic circuits. 
The G-E Wedge Base lamp can withstand ambient temperatures up to 600°F 
because it has no basing cement. 


A major automobile ' : : . 
The Wedge Base is available in two ratings 


G.E. Lamp No. 158 159 
crc Woms ... 92... 6.3 
Amperes 0.24. . .0.15 
Design Volts... 14 ...6.3 
Rated Av. Life 

at design volts. .500 Hrs. . * 
more information write: Filament C-2v. . C-2R 


General Electric Co., 3%) 13% 1 ni 

Base Type... .Wedge . Wedge bod 
Candiepower... 2... ..35 ee J 
*in excess of 5000 hrs. at 6.6 volts —- 


manufacturer is already 
using G-E Wedge Base 
lamps; they're available 
in Mass quantities. For 


Miniature Lamp Depart- 
ment M-12, Nela Park, 
Cleveland 12, Ohio. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 


Circle 187 on Inquiry Card 


aluminum positioner housing, limit 
switches are tripped. Up to 14 sets of 
limit switches per ft are possible. Loca- 
tions of position stops can be changed. 
Positioner may be made in lengths up 
to 8 ft. Accuracy is to within 0.005 
in., depending on load. Life expectancy, 
1.5 million cycles; switch rating, 5 amp. 
Hanna Engineering Works, 1765 Elston 
Ave., Chicago 22. 
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D-C TORQUE MOTORS 


Pancake multi-pole permanent-magnet 
torque motors feature low friction, rip- 
ple torque and high  torque/ watt, 
torque/inertia. Input current vs torque 


output is linear. Typical unit measures 
334 OD x 154 ID x 1 in. thick, features 
2.2 in.-oz torque per watt with 165 in.- 
oz peak torque. Modifications available. 
Giannini Controls Corp., 1600 S. Moun- 
tain Ave., Duarte, Calif. 
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SHIELDED POWER 
TRANSFORMERS 


Electrostatically shielded transformers 
for instrument applications where a 
high degree of isolation is essential. 
Primary-to-secondary capacitance less 
than 0.05 pf, current at 60 cps is 
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BTN PERMANENT MAGNETS ARE 


Study of Remanence by Indiana Steel 
indicates 100% stability can be achieved 


Truly permanent permanent 
magnets are now possible, accord- 
ing to scientists of Indiana Steel 
Products Division, Indiana Gen- 
eral Corporation. Proof of 100% 
stability of remanence was gained 
during a special research project 
conducted by Indiana and sup- 
ported by funds of the United 
States Air Force.* 


Natural Stability 

Materials having a high coercive 
force displayed the greatest natu- 
ral stability. For example, a sam- 
ple of non-oriented barium ferrite 
(Indox I) with an Hci of 4,000 
oersteds was measured for natural 
stability over a period of more 
than 5,000 hours. Relative rema- 
nence over 100% +0.1%. An 
oriented sample of the same ma- 
terial (INDOxX V) with an Hei of 
2,030 oersteds measured 99.5% 
+0.1%. The material having the 
lowest coercive force—ALNICco III 
— also exhibited the least natural 
stability, 97.04% +0.05%. 

A second important factor af- 
fecting natural stability was 
length-to-diameter ratio (L/D). 
It was found that rods of ALNICO 
V, having a greater L/D ratio, 
proved more stable, For example, 


rods with a ratio of 8.7:1 showed 
no detectable loss in remanence 
during a year. Rods with an L/D 
of 2.1:1 logged only 97.6% for 
the same period. 


Where change in remanence 
was perceptible, it was found that 
it decreases linearly with the log- 
arithm of time (see figure 2). This 
relation is expected to hold for all 
permanent magnets when they 
are undisturbed at room temper- 
ature and made of a material 
which does not change with time. 


Test Conditions 


During the study, sample magnets 
were kept in a special room where 
they were relatively free from 
such external demagnetizing in- 
fluence as temperature variations, 
stray magnetic fields, short cir- 
cuiting by iron contact and exces- 
sive movement or handling. Tem- 
perature was held virtually con- 
stant at 24° +2.5°C. 


The sensitive measuring appa- 
ratus was also located in the test 
room. Developed in 1948 by Dr. 
Rudolph Tenzer of Indiana Steel, 
this equipment permits measure- 
ments to an over-all tolerance of 
better than 1 in 10,000, 


Contract AF33 (616) — 3385 monitored by the Aero. Res. Lab., WADC 


FIGURE 1. Summary of Experimental Results 


Sak 
L/D Bd 
kilogauss 
0.9 1.4 


INDOX | 
INDOX V 
ALNICO III 


ALNICO VII 


ALNICO V 
(long) 
(medium) 
(short) 


Stability Relative 
Remanence at 24° C 
5 log cycles (10,000 hr) 
after magnetization 


Hitt HHH i HH Ot 


*Extrapolated 1 to 2 log cycles beyond last measurement 
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PERMANENT 


PERMANENT! 


FIGURE 2. Remanence decreases with time 


TIME = HOURS (log scale) 
1 10 100 





RELATIVE REMANENCE % 


Artificial Stabilization 
Critical space-age applications 
often require that a magnet be 
completely stabilized. Many 
methods for achieving this were 
surveyed. For critical applications, 
methods based on repetitive proc- 
esses were found superior to those 
based on any sudden, one-time 
action. Two of these proved suc- 
cessful, both involving artificial 
reduction of remanence. 


1. Temperature Knockdown. ALNICO V 
magnets were repeatedly exposed to 
temperatures above and below the tem- 
perature of magnetization. Several cycles 
improved magnetic stability, while rem- 
anence was reduced somewhat as a 
result. Low temperature exposures, to 
-65° C, produced the greatest improve- 
ment in stability, as well as the greatest 
reduction in remanence. 

. Knockdown by Applied AC Field. 
ALNICO V magnets were subjected to a 
cycling diminishing field, which also 
caused a reduction in remanence. De- 
pending upon the material and its use, 
magnets were knocked down a pre- 
determined amount between 5 and 15% 
to achieve complete stability. Variations 
in remanence were less than + 0.03%, 
which is the limit of measuring accuracy 
for this size sample. 


Conclusions 


This study indicates that perma- 
nent magnets can be completely 
stabilized. A magnet, however, 
that is perfectly stable under 
these conditions can still be affect- 
ed by larger temperature varia- 
tions, stray magnetic fields, vibra- 
tions or many other factors. In the 
case of selected magnets, stability 
can be guaranteed for a flux 
change no greater than 0.01% per 
year, 

For complete information on 
the practical aspects of “Stability,” 
ask for a copy of Applied Mag- 
netics, First Quarter, 1959. Write 
Dept. B-1. 


INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 


in Canada: The Indiana Steel Products Co. of Canada Limited, Kitchener, Ontario 


MAGNETS 
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here is your answer! 
Puzzled about how to pack reliability 
and producibility into a high density 
module? Take a clue from Engineered 
Electronics Co., Litton Industries, Sippi- 
can Corp., and Space Technology Labs 
(I to r above). Weld it! These companies 
and many other leaders have already 
discovered that Weldmatic precision 
electronic welding equipment makes 
component packaging a pleasure. Why 
don’t you see for yourself? 


WELDMATIC DIVISION / UNITEK 
950 Royal Oaks Drive, Monrovia, California 
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2 pamp. Units with power ratings from 
5 to 500 va are enclosed in MIL-T-27A 
cans. Topaz Transformer Products, Inc., 
4995 Weeks Ave., San Diego 10, Calif. 
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GEAR HEADS AND 

SPEED REDUCERS 

Standard mechanical components, avail- 
able in Sizes 8, 10. 11, 15 and 18 and 
variety of ratios, have internal preset 
mechanical slip clutches. Clutches oper- 
ate in either direction between 


and -+-150 C, with maximum torque 
variation of 7 per cent. At constant 
temperature, maximum torque variation 
is less than 2 per cent. All clutches 
slip for 150-hr continuous duty, have 
30-minute max backlash. Torque may 
be set from 3 to 200 in.-oz, depending 
on size of gear head. Kinetic Instrument 
Corp., 1070 Linwood St., Brooklyn 8, 
Nits 
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PRECISION GEARS 


Standard gear sizes range from 48 to 
120 diametral pitch, 10 to 40 teeth in 
stainless steel, and 42 to 180 teeth in 
aluminum. Gears are Precision Class 1 


or better. Materials and protective fin- 
ishes conform to federal and military 
specifications. Sizes range from 0.100 
to 2.00 in. OD. Boston Gear Works, 
Quincy 71, Mass. 
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FLEXIBLE COUPLINGS 


Standard-duty CQ and heavy-duty HQ 
flexible couplings incorporate one set 
of jaws in removable ring form to per- 
mit either independent rotation or radial 
removal of connected machinery. Cou- 
plings use individual free-floating load 
cushions of material suited to applica- 
tion. No lubrication needed, for full 

(Continued on page 182) 
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Certi-Crimp* ¢ A-MP-O-LECTRIC « Plasti-Grip * SOLISTRAND »« Plasti-Bond » AMP-O-MATIC * Amplifilm * AM 


. 


x . ita U.S, Patent Office 


INDUSTRY LEADERS 


BECAUSE IT'S THE CRIMP THAT COUNTS! 


All connectors may look alike but when faced with the 
test of performance... contact crimp reliability makes 
them all different. The big difference between other con- 
nectors and the AMPin-cert connector is the snap-in 
design contact attached to the wire by AMP's precision- 
controlled, compression-crimp technique. Twenty years of 
intensified research, development and production stand 
behind the industry-accepted compression technique 
which produced Solistrand®, Diamond Grip®, Pre-Insu- 
lated Diamond Grip®, Plasti-Grip®, Certi-Crimp® and the 


more than 15,000 different AMP circuit termination. 
products. This is the common denominator which spells 
out unquestioned reliability in all our products including 
the AMPin-cert connector line. ANOTHER AMP FIRST! 
Now AMP offers tape-fed, automated application of 
AMPin-cert contacts. Production levels of up to 1,500 
terminations per hour can be achieved with standard 
A-MP-O-LECTRIC® machines. Also, the AMPORTAMATIC 
Crimping tool is available for tape-fed terminations in 
hard-to-reach locations. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia e Canada « England « France Holland e Italy « Japan e Mexico « West Germany 
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Announcing the Arrival of the 


| Profit Express 


I 
T H EF { Westinghouse engineering and manufacturing experience is avail- 
i ; able to you in a complete line of control transformers, The Black Line. 


Offered in a large variety of designs for all power factor loads, these 


Ww F S T N G H 0 U S F transformers are ideal for solenoid, relay, contactor applications, as 
well as for use in all control circuits for practicable and economical 


operation. Designed into your product, The Black Line (types LC, 


N T R [ | LCO, SD and MTB) will build better customer acceptance with these 
_ very desirable features: 
They're lightweight: Hipersil® core steel keeps weight low with 


TRANSFORMER || =~ 
BLACK LINE 
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decision, one that will continue to pay off in the long run. 


Use 'em almost anywhere: Standard, stocked ratings of these 
versatile transformers cover 90 percent of all voltage and frequency Overnight delivery: Only Westinghouse, with stocks of stand- 
ard ratings throughout the U.S., can offer overnight delivery 


requirements. Ratings are from .025 kva through 1% kva with 
a 55°C rise. to practically any location. 

They mount easily: Lug-type terminals on the coils or flexible cable Want to know more? Contact your Westinghouse represent- 
leads make it a snap to connect Black Line transformers regardless ative or write to Westinghouse Electric Corporation, P.O. Box 
of mounting requirements. Terminals are easy to reach and help 868, Pittsburgh 30, Pa. J-70946 


keep down the space requirements. 


Use 'em with confidence: They meet NEMA and Underwriters’ We e h 
you can BE SURE...1F ITS esting ouse 


requirements. When you add the quality ingredient of the Westing- 
house Black Line to your control, you'll find you've made a profitable 


ee — 
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Write for 
Bulletins No. D-73 
and D-75 
or see 
Sweet's Electrical 
Catalog— 
Section 5b 


u works better 


for you in Durakool Contactors 


Timer Relays-Switches 


All-Steel bodies with welded seals are rugged. 
Hypressure Hydrogen Gas, permanently sealed 
inside, quenches arc, dissipates heat, insures low 


contact resistance. They just keep working. 


CONTACTORS 


Designed to handle heavy inrush currents. 
Silence is wonderful for studios and theaters. 
Enclosed contacts safest for explosive atmos- 
pheres. Up to 100 ampere continuous capacities. 


1, 2 and 3 pole combinations. 


a. TIMER RELAYS 


Durakool engineered metering system designed 
to be tamper-proof and dependable. Single 
moving part assures trouble-free operation. 


1, 2 and 3 pole combinations. 


SWITCHES 


Work in any position around diameter. 1 
ampere sizes are mercury to metal design, 
over 1 ampere are mercury to mercury. Avail- 
able uninsulated or insulated in any of a 


variety of materials. 


Tel ay) i 


oe INDIANA 


Elkhart, Indiana, Durakool, Inc., 1018 N. Main St. 

Chicago, Illinois, Durakool, Inc., Rm. 528, 333 N. Michigan Ave. 

Los Angeles 28, Calif., R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Blvd. 
Montreal, Que., Canada, Measurement Engineering Ltd., P. O. Box 1352, Sta. 0. 
Newtonville, N. Y., Walter F. Haines, Apple Tree Lane 

New York 70, N. Y., Durakool of New York, 4747 Bronx Blvd. 

San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St. 

Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Rd. 
Hatboro, Pa., Raymond H. Barnes, 422 Tanner Rd. 
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load is transmitted through cushion 
compression only. Type CQ available 
with maximum bores from 1% to 51% 
in. Units range from 2.58 to 156 hp at 
100 rpm. Type HQ maximum bores 
range from 154 to 81% in., with ratings 
from 7.7 to 810 hp at 100 rpm. Lovejoy 
Flexible Coupling Co., 4991 W. Lake 
St., Chicago 44. 
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DRY LUBRICANT 


“Poly-Powder” greaseless lubricant can 
be sprayed onto sliding surfaces or 
moving parts. Manufactured from TFE- 
fluorocarbon resin, the lubricant has a 
coefhcient of friction of 0.016 to 0.024 
against polished steel surfaces, oper- 
ating temperature range is from 150 
to +400 F. Can be used on metal, rub- 
ber, plastics and glass. Polydoris Prod- 
ucts Corp., 5306 W. Lawrence Ave.. 
Chicago 30. 
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TIMING-BELT 
PLASTIC PULLEYS 


Self-lubricating timing-belt pulleys and 
power transmission parts using glass- 
styrene or glass-filled nylon with 
molybdenum disulfide are available in 


large or small quantities. Pulleys have 
specific gravity of 1.34, approximately 
half that of aluminum. Many configu- 
rations available. Bores can be molded 
round, splined, with keyways or tapers, 
as desired. Pulley faces can include 
dog clutches, friction clutch faces, gear 
teeth, ratchets or dual timing belt de- 
signs. Gibson-Egan Co., P.O. Box 5352, 
Pasadena, Calif. 
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SMALL-DIAMETER PULLEYS 


Model QV pulleys for 2L (14 in.) 
V-belt drives have groove dimensions to 
RMA standards. OD, from 1 in.; maxi- 
mum width, 34 in., including °¢-in. ex- 
tended hub. Pulleys can also be used 
with ‘46 in. and 1% in. round belts. Sizes 
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CANNON ELECTRIC COMPANY, 2203 H: 
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Do You Use... 


TT MUU 
| en from 1 in. to 64% in. OD are stocked 
in 4 in. increments. Range of 44 stock 


choosing a bores for the 11 sizes. Sizes to 2-in. 


OD are steel; others aluminum alloy 

9 webbed on hub side for lightness. 

motor source 4 Climax Metal Products Co., 863 E. 140 
— St., Cleveland 10. 
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SERVO-MOUNTING CLAMPS 


Standard aluminum mounting hardware 
for synchros, servomotors, and poten- 
tiometers is available for immediate de- 


Here’s why 
the great names in 
industry SPECIFY Gl! 


EXPERIENCE. With 40 years’ 
experience in designing and man- 
ufacturing, GI can assure you of ; asi livery. Two clamp sizes, each anodized 
the most efficient motors to meet ~ in different color, may be used on a 
any requirements. There’s no sub- —<—e8 : total of six different housing sizes. 
stitute for experience! oe Theta Instrument Corp., 520 Victor St., 


DEPENDABILITY. GI motors have ) Sane Sena, 2. 
been quality-proved in millions of Circle 522 on postcard at end of book 
applications the world over. When VARIABLE SPEED PULLEYS 
the reputation of your product is 
at stake, you can rely on GI! od | Molded nylon glass fiber pulleys are 
~~ combined with metal-reinforced inside 
ECONOMY. GI is a “complete” ; flanges for fhp drive applications. Units 
motor manufacturer. Almost all Sahu Th have a 2.45:1 
components, aside from the raw P ool ; with %@ in. to 5% in. solid or hollow 
materials, are produced in our oT shaft bores. For 14, 34 and 1% in. V-belt 
own modern plant, permitting . drives up to 14 hp rating. Rampe Man- 
maximum economy consistent a : ufacturing Co., 14915 Woodworth Ave., 
with quality. Cleveland 10, Ohio. 


/t Makes Sense To Specify Gi... Circle 523 on postcard at end of book 


a —_ 
See Our Catalog in SM00 my 6 a : . ee : 
SWEETS Ae e 


variable speed range, 


© | POWER 


or Write for Copy 


AC MOTORS 
1/1800 H.P. TO 1/35 H.P. 


Quantity Price Quotation on Request 


DEPT. GL ELYRIA, OHIO (Continued on page 186) 
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the strong case for Centricores 


When you’re considering magnetic cores 
it pays to get down to cases. The sturdy 
aluminum case for Centricores assumes 
special importance where impact, vibration, 
heat or mechanical pressure could cause 
trouble in a control loop you’re designing, or 
where you want to miniaturize an inductive 
component. 

The case is ruggedly rigid, so that you can 
apply your circuit windings without danger of dis- 
torting the core’s magnetic properties. And the case 
is absolutely leakproof. You can vacuum-impregnate 
Centricores without danger of their damping oil 
leaking out or foreign matter leaking in. The tightly 
sealed case also guards against leakage in applications 
where high ambient temperatures are present, or 
where Centricores are used in rotating equipment. 


Mbacxentc 


@ ) iv /ETALS 


Here’s a tip on miniaturization. The rugged 
design of the Centricore case permits use of a thinner 
gage aluminum that shaves fractions of an inch off 
their size—fractions that can add up to precious 
inches where you want to scale down component 
dimensions. Centricores are the slimmest magnetic 
cores on the market. 


Centricores are the most uniform. They 
give the exact performance you want, from core to 
core and lot to lot. Their remarkable consistency in 
insulation, dimensions, squareness, thermal stability 
and gain is the product of unique quality controls 
that begin with the very selection of raw materials 
and extend through final testing. 


Write for complete data. Centricores are avail- 
able from stock from our East and West Coast 
plants in all standard sizes and magnetic qualities, 
and in both aluminum and phenolic cases. We will 
match them within 5 per cent over the entire 
voltage-current loop, in sets, units or in multiples 


up to twelve. Write for detailed specifications today. 


Magnetic Metals Company 

Hayes Avenue at 21st Street, Camden 1, N.J. 

853 Production Place, Newport Beach, California 
transformer laminations + motor laminations « tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 
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IS YOUR 
BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 


PRINTED CIRCUIT 
HARDWARE 


HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost. 


® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@® Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@ Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 

@ Our line includes terminals and 
printed circuit hardware in loose 


or in chain form for automatic 
insertion. 


Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


REQUEST 


BULLETIN 
592 


wee MANUFACTURING COMPANY | 
' 


4021 W. LAKE ST. * CHICAGO 24, ILL. 


186 Circle 196 on Inquiry Card 


ONE-INCH-BORE 
AIR CYLINDERS 


Series B air cylinders, rated 200 psi, use 
TFE-fluorocarbon rod seal-wiper com- 
binations and piston seals. Rod seal- 
wiper combination and barrel seals can 


be removed without disassembling cylin- 
der. Barrel seals are supported radially 
by shoulders on barrel ends to insure 
proper seal compression. Eight standard 
strokes ranging from 15 to 5 in. are 
available. with front flange. rear flange. 
trunnion, clevis or foot mountings. Cus- 
tom strokes also can be = supplied. 
Hydro-Line Manufacturing Co., Illinois 
National Bank Bldg.. Rockford, Ill. 
Circle 524 on postcard at end of book 


DIRECT-ACTING 
SOLENOID VALVES 


MDW _ direct-acting 
valves offer positive closing. full pipe- 


Type solenoic 
area orifices, solenoid protection and 
mounting in hinged electrical knock- 
out box, molded resin coils and renew- 
able composition disks. Available in 


eight sizes from 3% in. to 214 in., bronze 
valves are two-way packed, spring load- 
ed for positive closing. Maximum pres- 
sures vary from 40 psi in %-in. and 
¥-in, sizes to 4 psi for 2-in. sizes. 
Available for immediate shipment. J. D. 
Gould Co., 4707 Massachusetts Ave., 
Indianapolis 18, Ind. 

Circle 525 on postcard at end of book 


SOLENOID VALVE 


15,000 direct-lift, full-ported 
valves designed for reliable operation 
from 0 to 1500 psi are available in 
bronze or stainless steel in 14 to 1-in. 
pipe sizes for temperatures from —350 


Series 





a 
aa 


TELEPHONE 
HANDSET 
CRADLE 


ae 


... for positive retention 
in all mobile applications 


There’s no jump, no sway—when a 
telephone handset is in the firm 
grip of this new handset cradle by 
Stromberg-Carlson. 

Retaining clip spring assembly 
assures posi- 
tive retention 
in any mobile 
application on 
land or sea, or 
in the air. 
Evenextreme- 

+ ly severe jars, 
jolts and vibrations fail to dislodge 
the handset. 

The cradle is strong and resili- 
ent, fits any Stromberg-Carlson 
handset. Different models provide 
varying switch combinations with 
2 or 4 Form C contacts. All models 
available with or without the clip 
assembly. 

Specifications on request. In At- 
lanta call TRinity 5-7467; Chicago: 
STate 2-4235; Kansas City: HAr- 
rison 1-6618; Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. Or write to Telecommuni- 
cation Industrial Sales, Carl- 
son Road, Rochester 3, New York. 


STROMBERG -CARLSON 


A OlVisSIion OF 


GENERAL DYNAMICS 
AAS CURE AAAI BEA SBN ES 
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EVERYTHING you need for fast, easy 


ons 
£316-1 


Over 7200 Rectifiers 
Fully Described 


fe ae RECTIFIERS 


Technical Data 


Complete /nformation on 


CIRCUITS 


is VV 


CURRENT RATINGS 
VOLTAGE RATINGS 

PRICES 
INSTALLATION, etc. 


VICKERS INCORPORATED . 
ELECTRIC PRODUCTS DIVISION 


ViICKERS Grain-Oriented* SELENIUM RECTIFIERS 


The unique characteristics of these rectifiers provide efficiency and economy 


unmatched by conventional rectifiers. 


In Vickers rectifiers, the selenium is grain-oriented: crystals are aligned in the 
same direction, rather than in the random pattern found in ordinary rectifiers. The 
result? More working crystals, greater uniformity, better performance per square 
inch of cell area. Rectifiers provide higher current ratings without increase in cell 


size, and without danger of overloading; cost per watt of output is lower. 


This 48-page bulletin gives you the complete story. 
Send for Bulletin EPD 3116-1. Letterhead requests only, please 
VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET « SAINT LOUIS 3, MISSOURI 


Sales  $T. LOUIS—CEntral 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representative) —CEdar 5-6815 
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Buchanan has it... . Circuit groups 
are wired to Buchanan Fanning Strips 
made especially for Buchanan sec- 
tional MD pres-SURE-blocks. You con- 
nect and disconnect from 2 to 24 cir- 
cuits without handling individual wires 
and the possibility of wiring errors. 
There’s no end to the versatility of MD 
blocks. Just 2 different snap-fit parts 


U. S. Pat. Ne 


COPYRIGHT 


@eeeseeeeoeeoeeeee 


Through research ES a better 


ue 
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* 


If Its Quick Handling of Circuit Groups You Want... 


build any length block. Common wires 
—equal to 1 #22 thru 1 #8—can be 
grouped under a single tubular contact. 
That saves space, minimizes jumper- 
ing, eliminates lugging. Write now for 
Bulletin EM-1. 


Tubular contacts listed by UL. 


AY 
Blocks listed for 600 v. by CSA. 


w G 


2,922,139 


BUCHANAN ELECTRICAL 
PRODUCTS CORPORATION 
HILLSIDE, NEW JERSEY 


ESNA CANADA LIMITED, Toronto Ié 
Circle 199 on Inquiry Card 
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In Canada: 


A.0. Smith ’ has the horses ! 


of 


Je 


\ 


teen nom 


J a “ie 800 to 1 hp favorites 
— i for quiet operation, 
li 


From the case of the 


A. O. Smith Motor Man —a 
complete stable of integrals 

that include single-phase 

models (1-5 hp) or polyphase 
(1-800 hp). Also a team of 
fractional-hp motors: All are sure 
bets to give top performance 
over the long, long haul. 

. And there’s an A. O. Smith Motor 
Man near you — chomping at 

the bit to give you 24-hour action 
on all parts and service orders. 


low maintenance and 
long-life service . . 


1960, A. O. SMITH CORP, 


oe 
9 
3 
e e ® 
° 
2. 


ELECTRIC MOTORS 
Tipp City, Ohio 
A.0. SMITH INTERNATIONAL, S.A. 


a 
Milwaukee 1, Wisconsin, U.S.A. a 
« 
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to +450 F. Atkomatic Valve Co., 595 
W. Abbot St., Indianapolis, Ind. 
Circle 526 on postcard at end of book 


SOLENOID AIR VALVES 

Crescent “Mach 2” 3- and 4-way air 
valves rated for 1000 cpm continuous 
duty at 150 psi have attained cycling 
speeds of 2100 cpm. Valves available 


in %4 to 34 in thread. Sole- 
noid plunger stroke, in. Mainte- 
nance simplified by sub-base mounting, 
threaded-conduit connections, captive- 
cover clamps, and body screws. Barks- 
dale Valves, 5125 Alcoa Ave., 
Angeles 58. 

Circle 527 on postcard at end of book 


PRECISION-BEARING 

PILLOW BLOCKS 

Pressed steel housings in the PBS pil- 
low blocks provide a precision bearing- 


pipe 


Los 


to-housing fit and are self-aligning to 


bridge the gap between light-duty 


pressed metal housings and heavy-duty 
cast-iron housings. The unit, designed 
for pillow-block bearing applications 
with moderate speeds, moderate radial 
loads, and relatively light thrust loads, 
accommodates shaft sizes between 14 
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NEW SPAULDITE XXXP-770 PHENOLIC LAMINATE 
COMBINES COLD PUNCHING AND FIRE RESISTANCE 
... COSTS LESS THAN PAPER EPOXIES 


TYPICAL PROPERTIES OF XXXP-770 — 1/16’ Thickness 


Thickness Range 1/32 - 3/16” 
Punching Quality Cold 
Shearing Quality Cold 
Water Absorption % 0.65 
Dissipation Factor 1 MC 

Condition A .029 

Condition D-24/23 .034 
Dielectric Constant 1 MC 

ConditionA . 4.4 

Condition D-24/23 4.6 
Dielectric Strength Parallel to Plys KV 

Condition D-48/50 49 
Rockwell Hardness M Scale 

Condition A 78 
Flame Test D635 Inches Burned 

(in 2 ignitions after 28 days at 135°C) % 


COPPER CLAD XXXP-770 


Surface Resistivity — ohms/cm sq. 
Condition C-96/35/9 

Peel Strength as rec’d and after solder dip 
Ibs./in. width . 

Solder Blister at 500°F Seconds 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
i 
: 


Because Spaulding can fabricate 
XXXP-770 with lower cost cold 
punching methods, this new phenolic 
laminate offers you greater savings 
and efficiency in the design and pro- 
duction of high volume electronic 
parts that require self-extinguishing 


characteristics. 


ae A ED OD Cy a 
we tages 
i 


Write for complete data on Te 
Spauldite XXXP-770 and Spaulding’s ] 
other fire-resistant grades. / 


a 
Tne a 
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SPAULDING FIBRE COMPANY, INC., 310 Wheeler Street, Tonawanda, New York 
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NEW NEON INDICATOR LIGHT 


FACTS! 


@ Reliable: 25,000 hrs. min. 
for NE-2H @ .5 ma lamp 
current 

@ Neon: low power consump- 
tion—120 mW nominal 

@ Low voltage operation: 

supply 24V DC nominal 
signal—6V DC to trigger 

@ Miniaturized: hole diam- 
eter %”; behind panel re- 
quired, 11/2” 

@ Encapsulated: moisture- 
fungus proof; withstands 
vibration, thermal and 
mechanical shock 

@ Terminals: signal, positive 

supply, common ground 


TELEX miniaturized neon lights indi- 
cate visually the logical condition of 
high speed computer ‘‘flip-flop’’ 
modules. Countless other applications 
on portable, battery operated or low 
voltage equipment. 

Transistor driven, combines advan- 
tages of low current drain with low 
voltage operation. Can operate direct 
from basic power supply or controlled 
by high impedance signal. Standard 
model 24V DC supply polarity with 
—6V DC switching polarity. 

Variationsof the terminal configura- 
tions and voltages designed to 
specification. 

More detailed specifications and infor- 
mation are available on request. Write 
- to Sales Manager, 


TELEX 


SPECIAL PRODUCTS DIVISION 
Telex Park « St. Paul 1, Minnesota 
Dept. SP-203 
Superior communication accessories for 
every need—TELEX Communications 

Accessories Division 
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and 146 in. Standard Fafnir rubber 
contact seal bearings with self-locking 
collars may be used on pillow blocks. 
Fafnir Bearing Co.. 37 Booth St., New 
Britain. Conn. 


Circle 528 on postcard at end of book 


HYDRAULIC PUMP MOTORS 


Intermediate ratio pumps permit cor 
rect horsepower selection as required 
by performance curves. Intermediate 
and conventional ratings are available 


from 15 to 60 hp. Motors feature in- 


ternal spline coupling method of hook- 
up. Available in polyphase, drip proof 
and totally enclosed. Frame sizes from 
82 through 365-U. Reuland Electric 


ce Howell. Mich. 
Circle 529 on postcard at end of book 


AXIAL FANS 


Fan complies with military specifica- 
tions for airborne and ground equip- 
ment. Frequency ranges are 50/60, 400 


cps, variable frequency 50 through 440 


eps and 50 through 1000 cps without 
switching. Insulation is Class A, B, F, 
H. Delivery range is 90 through 300 
cfm at zero in. static pressure. Rotating 
Components, Inc., 267 Green St., Brook- 
lyn 22, N.Y. 

Circle 530 on postcard at end of book 


FAST-RESPONSE 
THERMOCOUPLE 


Shielded thermocouple. designated 479- 
C, has a capability of 100 millisec re- 
measured at 63 cent of 
temperature change from 32 to 190 F. 
The Press-Model 542V_ unshielded 
thermocouple is capable of 35 millisec 
response under the same conditions. 
Material is 20 gage chromel-alumel. 
Other units cover a temperature range 
of —300 to +2800 F or higher in 
special applications. Type of construc- 


sponse, per 


THE MARK OF QUALITY U / tra- 
sensitive 
relays 


BARBER 
COLMAN 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE 


The circuit below indicates 
just one of the hundreds of ways many 
manufacturers utilize Micropositioner* 
polarized 


drawing 


relays to solve 


control problems. 


complex 


REGULATED SOURCE 


SPEED 
Cee 
Lilt! 


ADJUSTABLE SPEED CONTROL WITH 
TWO-COIL MICROPOSITIONER ° 


The output of a d-c tachometer gener- 
a Barber-Colman type 
coupled to the rotating shaft, 


ator (such as 
BYLM 
whose speed is to be regulated, is im- 
one coil of a_two-coil 


pressed on 


Micropositioner. 


The other coil is supplied with an ad- 
justable input from a regulated source. 
The contacts operate appropriate de- 
vices to raise or lower the speed of the 
shaft being controlled. 


If your projects involve similar types 
of control, why not test the Micro- 
positioner in your circuits? Write for 
technical bulletins. 


BARBER-COLMAN 
MICROPOSITIONER 
POLARIZED D-C RELAYS 


Operate on input 
power as low as 
40 
Available in three 
types of adjust- 


microwatts. 


ment: null seeking 

...magnetic latch- 

ing ‘“‘memory’”’... 

and form C break- 

make transfer. Also transistorized types 
with built-in preamplifier. Write for 
new quick reference file. 


BARBER-COLMAN COMPANY 


M, 1803 ROCK STREET 


Circle 205 on Inquiry Card 





tion used assures operation at pressures 
to 5000 psi. Requirements of MIL-E- 
5272C (ASG) are fully met. Propulsion 
Development Labs, Inc., Press-Temp 
Products Div., 1120 E. El Segundo 
Blvd., El Segundo, Calif. 

Circle 531 on postcard at end of book 


ABSOLUTE PRESSURE 
TRANSDUCER 

Miniature flush-diaphragm transducer 
has pressure range from 0 to 100 psia, 
measures 0.05 in. wide x 0.59 in. diam. 


a 


vs 


Nominal bridge resistance to 2000 ohms, 
output is 5 mv. Temperature range is 
65 to +-150 F. Unit weighs 0.5 gm. 
Statham Instruments, Inc., 12401 W. 

Olympic Blvd.. Los Angeles 64. 
Circle 532 on postcard at end of book 


TEMPERATURE- 
COMPENSATION RESISTOR 


Model 760 resistor can be adjusted 
externally without affecting the fixed 
Specifications — in- 


resistance value. 


clude temperature coefficient adjustment 


range from 10 ppm/deg C to 4500 
ppm/deg C; fixed resistance values 
from 100 to 10,000 ohms. Operating 
temperature range from —55 to +-150 
C. Conrad-Carson, Inc., 3110 Goddard 
Way, San Diego, Calif. 

Circle 533 on postcard at end of book 


FREQUENCY TRANSDUCERS 


Model MM-1000-D frequency-to-analog 
transducer current 
directly proportional to input frequency 


produces a d-c 
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NEW MULTIPLE ARRAY SWITCH 


FACTS! 


@ Reliable: life expectancy 500,000 operations 


@ Versatile: 8 pole single or 4 pole double throw per 
button—eliminates need for relays in many 
applications 


@ Wiping: thorough action with noble metal alloy 
crossbar 


@ Pure contact resistance: .006 ohms nominal 


@ Modular: ANY number of buttons 
ANY number of arrays 


@ Miniaturized: behind panel dimensions: 11%2” x 3/4” 


.6 amps at 24V DC, 


t 12 : 
Sapa eT ae Typical Array 


Design simplicity and special modular construction of these TELEX switches 
allow more circuits than other units approximately the same size and weight. 
Each button is 8-pole single throw—normally opened or closed—or 4-pole double 
throw or any combination. Magnetic detent assures longer life. 

All or any buttons may be interlocked but the complicated multiplicity of 
parts required by conventional switches for latching and releasing and preventing 
multiple actuation has been eliminated. Also available in momentary make 
configurations. 

Exceptionally versatile, this switch may be used with printed circuits or 
plugged into standard wire harness to perform for test equipment, binary coding 
problems, digital coding problems and standard keyboard or countless other 
custom uses. Switch resistance is .070 ohms nominal. Insulation resistance 
@ 500V DC between adjacent switch contacts and open is 40,000 megohms. 
Choice of colored buttons and numerals and optional light indicators. Variations 
designed to meet individual specifications. 


More detailed specifications and information are available 
on request. Write to Sales Manager, 


TELEX 


SPECIAL Propucts Division « Telex Park, St. Paul 1, Minn., Dept. SP-202 


Superior communication accessories for every need— 
TELEX Communications Accessories Division 
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Hiperco’ magnetic alloy e Highest satura. 


tion density of any known commercial alloy @ Highest Curie 
point @ Size: weight design advantages @ Composition... twenty- 
seven cobalt @ Available in most forms (also castings) @ Thirty- 
five and fifty cobalt can be furnished 

Electrical and electronic equipment for aircraft and missiles 
being your particular forte, you’ll find the application possi- 
bilities of this alloy fascinating. 

Write or wire: Westinghouse Electric Corporation, Metals 
Plant, Blairsville, Pa. 


J-05017 


You can be sure...if it’s 


Westinghouse (w) 
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or pulse rate. Frequency adjustable 
over range of 0 to 1000 cps, with meter 
scale deflection obtainable at any fre- 
quency between 250 and 1000 eps. 
Available with input signal strength 
of 2 watts, 100 mw and 0.1 pw. Pioneer 
Magnetics, Inc., 850 Pico Blvd., Santa 
Monica, Calif. 

Circle 534 on postcard at end of book 


LINEAR-MOTION 
POTENTIOMETER 


Model 34LP conductive plastic poten- 
tiometer is an infinite-resolution unit 


with life expectancy of 25 million 


cycles. Case is 1%4 in. long, of black 
anodized aluminum; stainless steel shaft 
supported on bronze bushings at each 
end. Resistance values from 50 ohms to 
1 megohm can be supplied. New Eng- 
land Instrument Co., Inc., 1334 Main 
St., Waltham, Mass. 

Circle 535 on postcard at end of book 


TRIMMING POTENTIOMETERS 


Model 53, with pins for printed cir- 
cuitry, and Model 54, with solder lugs, 
offer resistance values from 100 to 50-k 
ohms. Ceramic and metal construction 
suits potentiometers for ambient tem- 
perature range of —55 to -+-200 C. 


Virtually insensitive to vibration, both 


eee Del) aid 


Peet be aia) 
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United Eyelets and 
Eyeleting Machines Keep this Princess 


on Constant Call 


The new Princess telephone — a product of the 
Western Electric Company — is an achievement in 
communication design INSIDE as well as out, 
thanks in part to a United Eyeleting Machine that 
automatically feeds and sets six twin United Eyelets 
in a plastic insulating terminal board no bigger than 
a cigarette lighter. 

United achieved automation of terminal board 
production. Accurate alignment of the setting bar 
and an especially rigid frame — unique with the 
Model F United Eyeleting Machine — brings uni- 
form pressure to bear on all six twin United Eyelets 
scattered over a broad pattern range. Reliability for 
the lifetime of the Princess was thus assured. 

If you want faster production using greatly simpli- 
fied setups of multiple mechanisms plus absolute re- 
liability in multiple eyelet patterns, call on United 

. . where over sixty years’ experience in the design, 
development and production of eyelets and eyeleting 
machines, is at your service. 

Your nearest United sales office has full informa- 
tion on the complete line of United Eyelets and 
Eyeleting Machines. Call or write today. 


UNITED SHOE MACHINERY CORPORATION 


140 FEDERAL STREET, BOSTON 7, MASSACHUSETTS 
Branches: ATLANTA, GA. * CHICAGO, ILL. * CINCINNATI, CLEVELAND and COLUMBUS, OHIO * DALLAS, TEXAS * HARRISBURG, PA. * JOHNSON CITY, N.Y. * LOS ANGELES, 
CALIF, * LYNCHBURG, VA. * MILWAUKEE, WISC. * NASHVILLE, TENN. * NEW YORK, N. Y. * PHILADELPHIA, PA. * ROCHESTER, N. Y. * ST. LOUIS, MO. 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC Aa CERAMIC CERAMIC 
INSULATION °F INSULATION INSULATION 
\ THIN DOUBLE 
SILICONE TEFLON 
; FILM OVERLAY OVERLAY 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * *« * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


THE MARK OF RELIABILITY 
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models withstand to 100 g shock. Helli- 

pot Div., Beckman Instruments, Inc., 

2500 Fullerton Rd., Fullerton, Calif. 
Circle 536 on postcard at end of book 


LINEAR POTENTIOMETER 


Model 141 miniature potentiometer has 
output sensitive to movement as small 
as 0.001 in. Linearity is +1 per cent, 
travel from “6 to %e in. Resistance 


values vary from 500 to 10-k ohms. Size 
is 44 x %e x 4 in.; weight, 0.2 oz. 
Solderlug terminals or flexible lead. 
Also with carbon element, with resist- 
ance values from 10 k to 1 megohm. 
Bourns, Inc., 6135 Magnolia Ave., 
Riverside, Calif. 

Circle 537 on postcard at end of book 


SINGLE-TURN 
ROTARY TRIMMER 


Miniature Type 5001 trimmer, 1% in. 
diam, is available with bushing or servo 
mounting. Withstands 150 g shock, 15 
g vibration. Power rating, 2 watts at 
60 C; standard resistance, 10 ohms to 
20 k ohms, with higher resistance to 
150 k available on special order. All 
electrical connections are welded, all 
moving contacts are solid precious 
metal. Resistance tolerance, +5 per 
cent; linearity tolerance, +3 per cent. 
International Resistance Co., 401 No. 
Broad St., Philadelphia 8, Pa. 

Circle 538 on postcard at end of book 


PRECISION WIREWOUND 
POTENTIOMETERS 


Series 1300 potentiometers feature 146 
in. body diameter, 2 watts rated power 
at 60 C in resistance values from 39 
ohms to 200 k. Constructed with glass- 
filled diallyl phthalate body, gold- 


plated solid-brass terminals and up to 
nine additional taps, the potentiometers 
meet NAS 710 specifications, withstand 
acceleration to 100 g. Temperature 
range, —55 to -+-125 C, derating to 0 
watt at +125 C; normal life expectan- 
cy, 2 x 10° turns; equivalent noise, 
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@ High moisture resistance 

@ Shock mounted for longer 
life 

@ 2 to 30 pounds—push or 
pull 

@ AC or DC models 


@ Compact design 
@ Quality built 
@ Industrial quality Miniatures 


A model for every need. Special solenoids engineered to your needs, 


BS s)he 


FERNDALE 20, MICHIGAN 


DETROIT COIL COMPANY 2435 HILTON ROAD, 
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ELECTRICAL PORCELAIN 
Built to your Drawings and 
Specifications * Send us your inquiries 


2725 CORY AVE., AKRON 14, OHIO 
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ALL Dicits 
ey 3 


om DIGIT 
rat READOUT 


featuring 
ONE-PLANE PRESENTATION 
Series 10000 


firms throughout 
the world in just a 
few years prove 
unprecedented 


| The IEE digital readout puts the acceptance of 


digit right up front, visible from any IEE digital 
angle. Vision is unimpaired by readouts. 
stacked characters and sharp, clear- 
white digits provide high-contrast, 


error-proof reading. Use of words, PRICE $4, 800 


color, and multiple projections offer COMPLETE 


utmost versatility. 
: : . QUANTITY PRICES ON REQUEST 
Binary-To-Decimal Decoders Available. WRITE TODAY FOR 


Representatives in Principal Cities COMPLETE SPECIFICATIONS. 
ae 
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let us fit the transformer 
to your design requirements 


You need not limit your design to off-the- 
shelf components. Hevi-Duty specializes in 
adapting transformer designs to your speci- 
fications. Special ratings can be designed, 
manufactured, and delivered promptly. Here 
are three examples. 


Motor Starting Auto 
transformer, used 
for manual or au- 
tomatic reduced 
voltage starting of 
synchronous and 
induction motors 
Terminals are 
mounted on the coil 


i a Aircorecurrent limiting Molybdenum furnace 

Further details © reactor,designedtolimit power supply. Water- 
quotations ov 
your request. 


ailable the short circuit current cooled output bus, single 
in a special application phase, 


upon on a 550-volt circuit. 


A DIVISION OF ic]— BASIC PRODUCTS CORPOSATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces « Dry Type Transformers * Constant Current Regulators 
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MPP LS tt 


.+.no moving parts! 


LOWEST PRICE...SMALLEST 


Proximity Switch 
OBTAINABLE! 


Actuated by NON-MAGNETIC and 
MAGNETIC metals to solve electrical 


t includes: 
switching problems ape ene 


3 Control amplifier 
Now Electro offers you a low 4902 


cost proximity switch incorporating the Sensing head 
basic patented circuit used successfully in 4913-BL 
industrial plants for more than 5 years. Connecting cable 


Write for new detailed Bulletin EDPS-80! 
ELECTRO PRODUCTS LABORATORIES, 4501-M Ravenswood, Chicago 40, Ill. 


Canada: Atlas Instrument, Ltd., Toronto 


Most complete line of Proximity Switches 
and Magnetic Transducers « Tachometers - DC Power Supplies 
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100 ohms; normal resistance tolerance, 
£5 per cent, (+1 per cent to order) ; 
linearity accuracy to +0.1 per cent; 
weight, 0.8 oz per section, 0.5 oz per 
additional section. Normally available 
in linear functions, units may be ob- 
tained in certain non-linear functions 
and in ganged units. Duncan Electron- 
ics, Inc., 1305 Wakeham Ave., Santa 
Ana, Calif. 
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1 1/16-DIAM 
POTENTIOMETERS 


Units meet original specifications after 
2000-hp operation at 150 C. Standard 
resistance values range from 100 ohms 
to 50-k ohms. All values have conform 


ities of 0.14 per cent. Terminals with- 
stand 30-in.-oz. torque; operates to 150 
g shock and vibration. Carter Manu- 
facturing Corp., 23 Washington St., 
Hudson, Mass. 
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METAL-CERAMIC 
TRIMMER RESISTORS 


Two lines of trimmer resistors use a 
metal-ceramic element fired at over 
600 C. Both have infinite resolution and 
resistance range from 100 ohms through 
1 megohm. Series 170 has 42 turns 
continuous rotation, 150-C operating 
temperature, power rating of 1 watt 
at 50 C derated linearly to zero load 
at 150 C. Series 180 has 25 turns with 
slip clutch at end of rotation, 200-C 


Ns 
SOW re! YGRten 
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* 


* 


\ ip ‘ 
x Ne UNIQUE %" DIAMETER 
% ® 


TIMER MOTOR 

OR.TACH GENERATOR 
WITHSTANDS DROPPING 
FROM MILES HIGH 


Virtually No Speed Variation From -67°F to +167°F 
Due To Special Dry Lubrication Method 


Type 9001-03 Size 9 28VDC permanent magnet timer motor or motor tach 


e Withstands 8000 G axial shock; 500 G e +.0001 shaft diameter tolerance. 
transverse shock, e +.000 —.0005 shaft flat tolerance. 

@ Up to 500 oz. in. peak load can be ¢ 1.406”L without gear train; 2.820” to 
handled. 3.140”L including gear train. 

¢ Designed to perform 2,000 duty cycles © 6:1 to 46,656:1 gear ratios available. 
at 100 oz. in. load. 


GEAR OUTPUT LOAD AMPS AT UNIT OSTER 
RATIO RPM 25°C LENGTH | TYPE NO. 


3.140°L 
including 


46,656 to 1 0.25 100 oz. in. 0.075 max. 3.140 E149 . ae — 
4536 to 1 2.68 100 oz. in. 0.100 max. 2.980 E169 EE i 


without 


736 to 1 12 100 oz. in. 0.175 max. 2.820 E170 — 
7776 to 1 1.5 100 oz. in, | 0.090 max. 2.980 E171 
9168 to 1 1.25 100 oz. in. | 0.085 max. 3.140 E179 


40s6tol | 2.75 10002. in. | 0.100max. | 2.980 E215 en een See een 
. shop time available to help take 
2923 to 1 4,00 100 oz. in. | 0.120 max. 2.980 9001-05 care of your immediate require- 
393.7 to 1 33 32 oz. in. 0.200 max. 2.725 9001-02* ments. Call your nearest John 
Oster office today. 
Max. shaft dia. .203"; .250” on Type 9001-02. *Not a hi-shock unit. Output 27.5VDC. 


John Oster MANUFACTURING COMPANY /Specialsts in Instrumentation and Display /Avionic Division: Racine, Wisconsin 


EASTERN OFFICE WESTERN OFFICE 
5333 South Sepulveda Blvd. Engineers For Advanced Projects: 
Servos Computers 310 Northern Blvd. Culver City, California Interesting varied work on designing 
Synchros Indicators Great Neck, Long Island, N.Y. Phone: EXmont 1-5742 transistor circuits and servo mechanisms. 
Resolvers Servo Mechanisms Phone: HUnter 7-9030 UPton 0-1194 Contact Mr. Dallas Nielsen, Personnel 
Motor Tachs DC Motors TWX Great Neck, N.Y. 2980 TWX S. Mon. 7671 Manager, in confidence. 
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Important facts to know about laminated plastics 


Z A 


A few Taylor composite laminates (left to right): copper-clad section; sandwiched cop- 
per component; Taylorite vulcanized fibre-clad part; laminated tube, copper inserts. 


Composite Laminates Open Up New Design Opportunities 


While the great variety of commer- 
cially available laminated plastics 
satisfy most electrical and mechan- 
ical requirements, there are applica- 
tions that can benefit from the com- 
bination of properties provided by 
composite laminates. Recent ad- 
vances in bonding techniques have 
made it possible to bond virtually 
any compatible material with a lam- 
inate. These can be supplied as clad 
or as sandwiched materials. And 
they can be molded into many shapes 
to fit design requirements. Taylor is 
presently supplying to order the fol- 
lowing composite laminates: 


e Copper and laminated plastics. 
Clad for printed circuits and formed 
shapes. Sandwiched for special ap- 
plications. 

Taylorite® vulcanized fibre-clad 
laminates. These combine the 
high strength of laminated plastics 
with the superior hot-arc-resistance 
of vulcanized fibre. They are being 
used in both high and low-voltage 
switchgear applications. Also in ap- 
plications where the high impact 
strength of vulcanized fibre may be 
advantageous. 

Rubber-clad laminates. Almost 
any type of natural or synthetic 
rubber may be used as the cladding 
material. These laminates are widely 
used for condenser tops in wet con- 
densers to protect the laminate 
against highly alkaline electrolytes. 
They also have application in any 
part where sealing or chemical re- 
sistance is needed. 
Asbestos-clad laminates. For 
applications where high heat- and 
arc-resistance are required. 
Laminate-clad lead. Lead sheets 
sandwiched between Grade XX pa- 


per-base laminates have been used 
for X-ray shields. The iaminate 
provides strength and contributes 
to the high shielding properties of 
the lead. 

Aluminum-clad laminates. These 
have been used extensively for en- 
graving stock. They also offer pos- 
sibilities as printed-circuit material 
and as plate holders for X-ray 
machines. 

Beryllium copper-clad laminates. 
Beryllium copper is nonmagnetic 
and a good conductor—properties 
that give these laminates possibil- 
ities in many applications. 
Stainless steel-clad laminates. 
Applications where nonmagnetic 
properties are required. Also in cer- 
tain corrosive environments where 
the resistance of stainless steel to 
attack is an asset. 
Magnesium-clad laminates. 
These laminates have been pro- 
duced in 108-in.-long sheets for use 
as screens for X-ray operators. 
Weight was a factor. 


Our design and production engineers 
are constantly developing new ma- 
terials, new applications, and new 
procedures for fabricating laminated 
plastics. Our experience is yours for 
the asking. And if you have a prob- 
lem requiring assistance or more in- 
formation on composite laminates, 
write us. Also ask for your copy of 
Taylors new guide to simplified 
selection of laminated plastics. 
Taylor Fibre Co., Norristown 37,Pa. 


LAMINATED PLASTICS f 


VULCANIZED FIBRE 
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operating temperature, power rating of 
1 watt at 125 C derated linearly to 
zero load at 200 C. CTS Corp., Elk- 
hart, Ind. 

Circle 541 on postcard at end of book 


CARBON-FILM RESISTOR 


“Pyroseal” construction makes resistor 
moisture-resistant and extremely sta- 
ble. Values range from 30 ohms to 1000 


15.000 
volts. Standard tolerance is 5 per cent. 


megohms, working voltage is 
Max operating temperature is 125 C. 
Resistors have “46 in. diam, are 2 
long. Pyrofilm Resistor Co., Parsippany, 


NJ. 
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TANTALUM FOIL 
CAPACITORS 

Series TF electrolytic capacitors come 
in five sizes per military specifications 


MIL-C-3965B for CL24, CL25, CL34, 


>» 
CL35. These style designations refer to 
etched and plain foil capacitors. Capac- 
itance range for the plain foil type 
is 0.25 to 400 wf; for the etched foil 
variety, 0.5 to 580 uf. Voltages range 
to 150 volts d-c. Temperature range is 
55 to +85 C. Ohmite Manufacturing 
Co., 3698 Howard St., Skokie, III. 
Circle 543 on postcard at end of book 


1-KC CRYSTAL FILTER 


Filter for use in missile and other ap- 
plications has an output voltage rated 
at 10 volts, with an insertion loss (on 
power basis) of 6.2 db. Attenuation 
for 3-db bandwidth, 3.8 cps; for 6-db 
bandwidth, 4.7 cps. Temp coef 0.007 
cps/deg C, 


Spurious harmonics over 
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Low leakage and useful hr¢ at very low collector currents permit low power 
operation —as low as 30 microwatts per stage. High performance PLANAR 
transistors and diodes use simplified circuitry (see illustration), keep costs 
down, reduce power requirements, and permit high-density packaging. Prime 
applications: missile and space vehicle guidance and instrumentation. 

For your down-to-earth needs, where weight, space and power are less critical, 
similar logic circuits will operate with switching rates greater than 5 mc. 


mwA leakage in Fairchild PLANAR transistors and diodes permits 


MICROWATT 


FOR SPACE VEHICLES 


TYPICAL 30 wzWATT/STAGE LOGIC CIRCUITS 


2N1711 
Cel 
2N1613 
2N1711 
or 
2N1613 


MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS (25°C except where noted) 


wad ud 3 wT ICBO 'CBO 
Vospo VEBO (I¢ = 150mA) ile 0.1mA) 3 =0) lcBo Aor :] 60V) Tor: 50V) 
(VcE=10V) (VcE=10V) (VcB=10V) (T=150°C) (T=125°C) 





Om Tuy eel 
10muA max 
Ao: eee) 00) 


18pf typ. 
25pf max. 


mre ea ln 
LUTE Mur) 


2N1613 : 40-120 yA Te 








10myuA max. 


s f 
v4 wee 100-300 25pf max. eee) 


Te wit) e 





ur Tstg 





65° to +175°C 65° to + 200°C 0.1uA 


545 Whisman Road IR ¢- HILID YOrkshire 8-8161 
Mountain View, California qs / TWX: MN VW CAL 853 
SEMICONDUCTOR CORPORATION 
a 


A WHOLLY OWNED SUBSIDIARY OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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60 db down. Input 500 ohms. Output 
impedance 500,000 ohms. Meets MIL- 
C-3098B vibration standards and ap- 
plicable portion of MIL-T-27A. Other 
filters available to 30 mc. Burnell and 
Co., 10 Pelham Parkway, Pelham, 
N. Y. 
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RADIO INTERFERENCE 
FILTER 


Standardized 400-cps filter has voltage 
ranges of 150 and 250 volts a-c, and 
current ratings of 0.40 to 100 amp. 
Seven basic sizes available with six 


different types of mounting brackets. 
Terminal types: threaded, solder (45 
or 90 deg) or shielded lead. All-Tron- 
ics, Inc., 400-Cycle Filter Dept., 45 
Bond St., Westbury, L. L. N. Y. 
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SOLID-STATE TIMER 


Model TR-302 timer, measuring 2 x 
2 x 284 in.. has a selection of timing 


ranges. Units are plug-in with DPDT 


NSA- . » Business Machines « Computers 
Vending Controls ¢ Model Trains—Planes ¢ Lighting Controls 
Automated Devices e Counting Devices e Sorting Devices 


@ Now—a radical departure in stepper design provides 
new opportunities for applying the stepping relay princi- 
ple over a far wider range than ever before. 


1. High Contact Rating. 3 amps resistive, 1 amp in- 
ductive (50% P.F.) made possible by contactor action, 
dual make-break, positive circuit isolation contact 115 volts a-c, has a repeat accuracy of 
mechanism. A revolutionary development, the Roto- 0.2 per cent. Unaffected by voltage 
mite stepper eliminates wiping contacts, bridged cir- gaiediamiad aha Akay uieaiieaiia a , 
cuits and, in most applications, slave relays. ride Miaka P O Box § on 

; se i es Corp., P. O. Box 566, 
Continuous Duty—from 3 to 230 v.d.c. cent oY 
Production line design—completely metal clad— i le EAL , 


S-amp resistive contacts. Operates on 


needs no special protection on the line. Shrugs off 
impacts of careless handling and is also unaffected 
by dust or metal particles. 

Continuous rotation—up to 30 steps per second. 
No reset in present production items which include: 
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PRINTED-CONTACT RELAY 


“Printact” employs preadjusted bar 
contact in an assembly which makes 


D.C. continuous duty; A.C. intermittent duty; A.C. 
continuous duty now in development stage. 


Life: Well in excess of 1,000,000 operations. 


Size: 2” long and 1%." in diameter. Weight: approx. 
4 oz. Cost? Incredibly low! Write on your business 
letterhead for quick sample service and detailed 
information about the ‘‘Rotomite’’ midget stepper. 


GUARDIAN 0 ELECTRIC 


MANUFACTURING COMPANY 


1552-A w CARROLL AVENUE “Everything Under Control’’ CHICAGO 7. ILLINOIS 
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ARNOLD /TOROIDAL COIL WINDER 


sets up quickly...easy to operate... 
takes wide range of wire sizes 


SPECIFICATIONS: LABORATORY USE 


@ Min. finished hole size: .18 in. @ Change wire and core size 

@ Max. finished toroid O.D.: 4.0 in. in 45 sec. 

@ Winding speed: 1500 turns/min. 

@ Wire range: AWG 44 to AWG 26 

@ Dual, self-checking turns 
counting system 

@ Loading (wire length) counter 

® Core range: 4” |.D. to 4” O.D. 
to 144” high 


PRODUCTION USE 


® 1500 turns per minute 
®@ Insert core and load 
in 20 sec. 


includes all rings, counters and accessories 


immediate delivery. literature on request 


ARNOLD MAGNETICS CORP. 
6050 W. Jefferson Bivd., Los Angeles 16, Calif. 
VErmont 7-5313 
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“© ~ PERMANENTLY... 


METAL IDENTIFICATION TAGS OF 


EVERY DESCRIPTION FOR MARKING CABLES, 


LEADS, AND GROUPING WIRES... 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made 
of aluminum, steel, Soom, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 
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For motor 


loads 
2 HP 250 v.a-c 
1 HP 125 v.a-c 


For heater loads 
20 amperes 125/250/480 v.a-c 


For lamp loads 
10 amperes 125 v.a-c 
(tungsten-filament) 
UL listing. 


KLBP-RH 


‘ KLBC-RH 
Mechanical 


Features 

Sturdy die-cast housing 

with threaded hub 

Right- or left-hand mounting 
Removable, 

“O”-ring-sealed cover 

with captive attachment 
SCrews 

All wiring connections made 
with switch outside housing 
Sealed actuators 

Adjustable roller-arm or 
hand-operated actuators 


Roller-plunger actuators 


Write for Bulletin B-30 
that gives details and useful 
application data. 


UNIMAX SWITCH 


, 
MEG eee ee 


Fee eis ak 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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to faster, lower-cost 
reproduction! 


Heart of the Paragon-Revolute Star is 
its unique separation and development 
system — key reason why the Star will 
provide you more print production, per 
machine, per labor dollar. 

The Star’s air suction separation 
device is virtually infallible. At high 
speed, or any speed, the tracing and 
print are picked off the exposure cylinder 
by a unique air-knife and automatically 
separated by air suction. 

In the Star’s developing section, 
exclusive, patented features assure full 


PARAGON 


development in one pass, at any speed. 
A preheater tube prepares incoming 
ammonia for “demand” vaporization. 
Perforated stainless steel rollers allow 
virtually 100% exposure of sensitized 
sheets to the vapor. Prints travel a 
shorter route, come through clearer, 
faster, and there’s 14 to % less ammonia 
consumption. 

You owe it to yourself and your com- 
pany to investigate the Revolute Star 
before buying any whiteprinter. The cou- 
pon brings you full details by return mail. 


REVOLUTE DIVISION OF CHARLES BRUNING CO.,INC. (@RUNING) 


77 South Avenue @ Rochester 4, N.Y. 


Paragon -Revolute 

Advertising Department, Dept. P1-Y 

1800 Central Rd., Mt. Prospect, Illinois 
Please send me information on your Star white- 

printers. Please arrange for a representative to 

contact me about a demonstration. 


Name 


= Title 


Company___ 


Address___ 


City 
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direct contact with  printed-circuit 
board. Switching combinations up to 
3PDT are Ceramic per- 
manent magnet is heart of motor as- 
sembly. Electromagnetic field opposing 
field of permanent magnet causes relay 
to operate. Entire assembly molded in 
high-impact plastic. Power consumption 
for 3-pole relay is 500 mw at 6, 12 or 
24 volts d-c. Contacts rated to 2 amp. 
Weight, 0.8 oz. Dimensions 7% x 7% x 
%4¢ in. Executone, Inc., Components 
Div., 47-37 Austell Pl., Long Island 
City 1, A. XY. 
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achievable. 


INSTANT-RESET THERMAL 
TIMING RELAY 


Type DM thermal timing element, com- 
bined with a small magnetic relay as 
shown, provides a delay interval be- 
tween 34 and 5 sec which can be reset 
instantly either during or after the de- 
lay by interrupting the power supply. 


ned / Ling 
THERMAL 

ming elemeny 
INSTANT 

RESET TYPE 


GY 


GV COmT POLS ie, 
fast Ornege Wy 


gorusaes 
ne 


— 


Interruption of power part way through 
the delay interval causes all of the 
cooling period and part of the heating 
period to repeat for new delay interval 
75 to 90 per cent as long as the full 
timing period. In this way, delays from 
%4 sec to 6 min are possible. Circuit 
operates at up to 230 volts a-c. Timing 
elements may be used interchangeably 
on a-c or d-c. Associated DPDT mag- 
netic relay and coil is ordinarily sup- 
plied by user. Setting tolerances, usu- 
ally + 10 per cent; load rating, 3 amp 
at 250 volts a-c, 1 amp resistive at 32 
volts d-c; dimensions of timing element, 
234 in. high x 1%¢ in. diam. G-V Con- 
trols Inc., Okner Parkway, Livingston, 
N.J. 
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TUBULAR RELAY 


Series 123 relay lends itself to chassis 
mounting for printed circuits or con- 
ventional clamping. Contact rating is 
2 amp at 115 volts a-c or 24 volts d-c 
for 30,000 operations; or 3 ma at 115 
volts a-c or 24 volts d-c for 50 million 
operations. Operating temperature 
range is —65 to -+-85 C. Coil resistance 
is 0.05 ohm max. Operating time is 5 
millisec, release time is 7 millisec. Unit 
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Graduate from horse-and-buggy 
motor servicing warranties... 


with REULAND’s “Honor System Motor Service Policy!” 


Reuland’s 15 year old 
service policy takes 
the word of any 
motor service shop 

of your choice. 


MODERN POWER FOR MODERN-DAY PRODUCTS... 


REULAND M 


JANUARY 1961 


Whether you're an O.E.M. or a User, when you buy REuLAND electric motors 
you can make your decision with confidence. One very important reason, of 
course, is that every motor is backed by REULAND’s 15 year old “Honor System 
Motor Service Policy”... still the only one in the industry! 

Under this exclusive service policy, your choice of any independent motor 
service shop becomes an authorized REULAND service station. Regardless of where 
a REULAND motor is in operation, approved service is always next door! 

If you would like to talk to a motor manufacturer who really backs up his 
quality and service claims, find out soon how REuLAND can fit into your plans. 


EVERY COMPANY SHOULD HAVE A COPY OF REULAND'S OFFICIAL, PRINTED “HONOR SYSTEM SERVICE POLICY!” 


A free copy is available on request. business permits it to offer the industry's 
Explains the simple steps to take. Shows only Honor System Motor Service Policy. 
how Reuland’s unique philosophy of doing We'll mail yours promptly. 


Our new 8-page general line brochure will come in handy! 


Also, refer to Sweet's 1961 Product Design File, 7a/RE. a” 


all in lightweight, cool-running aluminum frames! 
REULAND ELECTRIC COMPANY 


Western Division — Alhambra, Calif. 
Eastern Division — Howell, Michigan 
® Distributors in all principal cities 
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is hermetically sealed, dry nitrogen 
filled. Unit meets military specifications 
MIL-R-5757C and MIL-R-25018. Whee- 
lock Signals, Inc., Long Branch, N. J. 
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MINIATURE RELAY 


Relay SM-2 is hermetically sealed with 
a 0.200-in.-center terminal configuration 
and a 3-amp contact rating. The 0.875- 


in. long, 0.60-o2 DPDT unit operates 
continuously between —65 to +-125 C 
and meets MIL-R-25018 and MIL-R- 
5757C. Life expectancy, 100,000 opera- 
tions minimum at rated load; contact 
rating, 3 amp at 28 volts d-c. Comar 
Electric Co., 3349 W. Addison St., 
Chicago 18. 
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AMBIENT-COMPENSATED 
OVERLOAD RELAY 


Relay automatically compensates for 
temperature on same time curve from 
—20 to +-165 F. Operation is by work- 
ing and compensating bi-metals which 
oppose one another to maintain their 
distances from trip arm. Tripping time 


wm, 


remains the same regardless of tempera- 
ture. Calibrating screw permits precise 
setting for current required. Supplied 
in ratings from 25 to 300 amp continu- 
ous current. Arrow-Hart and Hegeman 
Electric Co., Industrial Control Div., 
103 Hawthorn St., Hartford 6, Conn. 
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MIDGET STEPPING KELAY 


Stepper has 3-amp resistive, l-amp in- 
ductive contact rating, 0.5 power factor. 
Unit needs no wiping contacts, bridged 
circuits or, in most applications, slave 
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NEW MINIATURE SNAPAC SWITCH 


Cut space requirements 50% and manufacturing costs 
33% with CC’s rugged new 760 switch. Available in 
SPDT types with pin plunger, lever action or bushing 


mount, they give superior reliability . . . in space no bigger 
than a wink. 


50% smaller— costs 33% less 


PANY 


Get full details on CC’s entire line of regular and minia- 


ture switches. They’re all available at local authorized 
distributors. 


Catalog Total Movement Operating Available 
number Type travel differential pressure circuits 
Pin os | '/32" — 13 oz. mox. _— 
plunger max. 035 6 oz. min. 
“a 
3/32 9 oz. max. 
4 oz. min. 


to 

3/16" 
Panel ag 13 oz. mox. SPDT 
mount O35 6 oz. min. 


1 je 6" 
— 
9/32" 
— 


3/8" 


OF AMERICA 


9551 Soreng Avenue, Schiller Park, lilinois 
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PONSTANT VOLTAGE 
CONSTANT CURRENT 


from the 


SAME TERMINALS! 


$143°° 


F.0.8. 
FACTORY 


Other Models 
Available 


Write For 
Catalog 


*T™M 


Power 


MODEL 4005 is a 40 volt, 
500 ma, regulated DC 
power supply incorpo- 
rating AMBITROL,* a 
transistorized regulator 
permitting continuous 
control of voltage or cur- 
rent to .05% with adjust- 
able automatic electronic 
crossover to either voltage 
or current regulation, 


1700 SHAMES DRIVE 
WESTBURY, NEW YORK 


EDgewood 3-6200 (LD Area Code 516) 
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OIL-TIGHT and DUST-TIGHT 


J.1.C. AND NEMA [2 
STANDARDS 


This Unit is 


TWO DOOR, FLOOR MOUNTED ENCLOSURES 

These welded sheet steel units are strong, rigid and especially designed 
to protect electrical controls from dust, dirt, oil and water. No holes, 
no leakage points. Doors are completely gasketed to make tight seal. 
Special construction eliminates center post—simplifies removal of 
instrument panel. Interior finished in baked white enamel, exterior has 
gray prime coat. Ten standard sizes from 54” x 42" x 8” to 72"x 72"x 12’, 
immediately available from stock. Or we can build to 

your specifications. 


SINGLE DOOR, WALL MOUNTED UNITS 
Oil-tight and dust-tight single door units offer same rigid, 
welded, sheet steel construction. No holes, no knockouts. 
Gasketed clamp-door seals tight. Removable instrument 
= Twenty standard stock sizes ranging from 

16”x12"x6” to 60”x36"’x8”’. White enamel interior; gray 
prime coat exterior. Units are ideal for purged or pres- 
surized systems in dust-laden or 
flammable atmospheres. 


ENGINEERING CORPORATION 
Dept. ET-101, ANOKA, MINNESOTA, Phone: HArrison 1-2240 
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FREE 
DATA FILES 


on the 


complete 


Allied Research 
Finishing 


Line for Metal 


PROCESSES AND PRODUCTS FOR 
CORROSION PROTECTION, PAINT 
BASE, DECORATIVE FINISHING 


A complete line including IRIDITE 
Chromate Conversion Coatings for 
non-ferrous metals, IRILAC Clear 
Protective Coatings for all metals, 
ISOBRITE Chemically Different 
Plating Brighteners and ARP Process 
Chemicals. 


If one of our present products does not 
meet your needs, we'll be glad to work 
with you to find an answer to your 
problem. 


EQUIPMENT AND COMPLETE 
FINISHING SYSTEMS 


Includes information on WAGNER 
Silicon and Selenium Rectifiers, 
WAGNER Auto-Loaders for transfer 
of racks and parts from conveyors to 
plating machines or between conveyors, 
Automatic and Semi-Automatic Plat- 
ing Machines, Barrels, Tanks and 
other equipment. 


Also includes information on Process 
Engineering Service—complete plani 
design, specification and installation. 


CHEMICALS AND SUPPLIES 


Price and delivery information on a 
wide variety of plating room 
necessities, including ROLL-TOP Zinc 
anodes, FLAT-TOP copper anodes, 
ELECTROCOP Flat Copper anodes, 
Cadmium and Tin Anodes, Acid 
Replacements, Buffs, Chemicals, 
Cleaners and Maintenance Materials. 


NICKEL RECASTING SERVICE 


Ask about our Subscription Plan which 
combines your new nickel purchases 
with a service to recast your butts and 
spears, resulting in substantial savings. 


Allied Research 


WRITE DIRECT... 
for your copies of these 
FREE DATA FILES, or 
contact your Allied Field 
Engineer. He's listed in the 
yellow pages under 
“Plating Supplies”. 


Products, Inc. 


4004-06 EAST MONUMENT STREET @ BALTIMORE 5, MARYLAND 
BRANCH PLANT; 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 


West Coast Licensee for Process Chemicals: |. H. Butcher Co. 


Evrepeon Agent: Sture Gronberger, Storgaton 10, Stockholm, Sweden 
Chemicol ond Electrochemical Processes, Anodes, Rectifiers, Equipment ond Supples for Mato! Fimshing 


ISOBRI 
Brightene 


ani* | qi 
Chromates Costings | 
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relays. Operates continuously from 3 
to 230 volts d-c; continuous rotation to 
30 steps per sec, no reset. Life expec- 
tancy, over 1,000,000 operations; di- 
mensions, 2 in. long x 146 diam. 
Guardian Electric Mfg. Co., 1550 W. 
Carroll Ave., Chicago 7. 

Circle 552 on postcard at end of book 


SNAP-ACTION SWITCH 


Model E51-OOM SPDT switch features 
standard 0.032 x 0.205 in. quick-con- 
nect terminals; 0.093-in. diam terminal 
hole also permits soldering to terminal. 


Rating: 5 amp, 250 volts a-c. Coil 
spring mechanism provides friction-free 
blade pivot. Cherry Electrical Products 
Corp., 1666 Deerfield Rd., Highland 
Park, Ill. 

Circle 553 on postcard at end of book 


SNAP SWITCH 


Switch offers total plunger travel of 14 
in., of which % in. is overtravel. Both 
SPDT and SPST models have snap-in 
bezel for front mounting or threaded 
bushing for back mounting. Termina- 
tions are located at one end. Options 
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Greater 
: Nai > Holding Power! 
AUTOMATION and QUALITY CONTROL WMAXQ * 
insures the best in X "ON Ee 
DANO COIL ENCAPSULATION Pete Cet tea 


Also send us your specifications for quotation on: Automatic Assembly ! 


BOBBIN COILS @ PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COILS @ FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 





THE DANO ELECTRIC COMPANY Careful engineering and strict quality controls give 
93 Main Street « Winsted. Conn. ELECTRIX Terminals greater holding power in use. 


Circle 229 on Inquiry Card ELECTRIX Terminals meet and surpass rigid elec- 


eee eee eee aie trical and physical characteristic tests. Tolerances, 
bb 99 especially at critical crimping points, are precisely 
GLASS | TIPPED SET SCREWS uniform. Supplied in continuous strip form for use 
GLASS—Hard, Dense, in dependable Electrix Automatic Attaching 

Smooth, Concentric, , ; 
Machines, Electrix Terminals offer easier, more 


o, Hemispherical 
SCREW—Stainless Steel, economical assembly. 


Slotted, Ground Threads, 
Sizes 4, 6, 8 N.F. G N.C. Electrix competitive prices 


IN STOCK— 
save you money. 


4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 
6-40 x 9/32, 3/8 G 1/2 
8-32 x 5/16, 1/2 & 7/8 


HARTWOOD GLASS & METALS COMPANY 


P.O. Box 865 Martinsburg, West Virginia e 
Specializing in Glass Coated Metals for Electrical Insulation XK 


NEW...TYMETER : 
IES VM IT AT Corporation 


© Front Panel Mount ASHTON 
© Desk or Bench Use 


@ " 
individually : RHODE ISLAND 
Also Available in: : 
©@ ELAPSED TIMERS 
© IMPULSE TIMERS 
¢ COUNT DOWN TIMERS 
Height 41/2‘', Width 6'’, Depth 31/4’ 
Write for Catalog on Complete 
Line Showing Specifications. 


PENNWOOD NUMECHRON CO. 
7249 FRANKSTOWN AVE., PITTSBURGH 8, PA. 


Extremely wide range of types, sizes and finishes. 
Write for free catalog. 
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Background is schematic of 


world-famous Ward Leonard system of control. 


In modern rheostat circuits, it’s 


SERVICE CONTINUITY THAT COUNTS 


Production stopped. Workers idle. But 
wages, maintenance costs, and fixed 
charges go merrily on accumulating. 
That’s the black picture when an in- 
dustrial control component—specifically 
a rheostat—fails. That’s why reliability 
is more important than initial cost. In 
many cases, these irrecoverable charges 
and costs can quickly far exceed the re- 
placement cost of the faulty components. 
And that’s why far-sighted designers 
are more and more specifying Ward 
Leonard VITROHM ring rheostats for 
control circuits where performance is 
a must...in motor and generator field 
control circuits...for electronic tube 
filament circuits...wherever substan- 
tial amounts of power must be handled 
with utmost rheostat reliability. 
Ward Leonard ring rheostats, in sizes 
of 25,50, 100, 150 and 300 watts, feature 
W/L’s exclusive “twin contact shoe’ 
design. Two sintered, self-lubricating 
contact shoes minimize wear and assure 
uniform contact pressure, smooth oper- 


ation, and maximum reliability. 

Special alloy resistance wire—made 
to W/L’s closely monitored specifica- 
tions to assure highest stability and 
lowest practical temperature coefficient 
—is bonded permanently to ceramic core 
by Ward Leonard’s own VITROHM 
vitreous enamel, 

These are just a few of the reasons 
why VITROHM ring rheostats give you 
outstanding reliability in industrial 
control circuits. There are many more 
quality-engineered features than we 
can describe here—for instance, highest 
grade ceramic base and core, durably 
bonded tinned alloy terminals, and bal- 
anced beryllium copper contact arm. 
You'll find them all in Bulletin 60RR 
(and for powers above 300 watts, check 
W/L plate rheostats in Bulletin 60A). 
For your copy, and for a list of stock- 
ing distributors, write: Ward Leonard 
Electric Co., 34 South St., Mount 
Vernon, N.Y. (In Canada: Ward Leonard 
of Canada, Ltd., Toronto.) 


°.8 


WARD LEONARD 
ELECTRIC CO. 


RESISTORS «+ 


RHEOSTATS « 


RELAYS + CONTROLS 
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available in plunger length, color and 
in bezel finish. UL approved for 10 
amp, 125 volts a-c or 5 amp, 250 volts 
a-c: contacts are coin silver. Ucinite 
Co., Newtonville 60, Mass. 

Circle 554 on postcard at end of book 


HEAVY DUTY 
ROTARY SWITCH 


Type C-63 switch for applica- 
tions up to 40 hp at 600 volts, with a 
current rating of 63 amp, contains 12 
double-break with 24 
erated contacts. 


powel 


stages 


cam-op- 


silver-alloy Standard 


contact development available for 90. 
60, 45, 30 deg throw (20 
available on request). Switch isolated 
electrically; unaffected by humidity, 
fungus and salt spray. American Sole- 
noid Co., Inc., U. S. Highway 22, Cor- 
ner of Madison Ave., Union, N.J. 

Circle 555 on postcard at end of book 


and deg 


HIGH-TEMPERATURE 
WAFER SWITCHES 


Ceramic switches that withstand tem- 


peratures to 175 C use high-tempera- 


ture alloys. Switches provide up to 22 


terminals per section, each insulated 


if 
fas 


from the others. Maximum switching 
combinations per section range from 
1 pole, 2 to 12 positions, to 6 poles, 2 
positions. Life-tested at 10,000 cycles 
minimum through 5 positions. Voltage 
breakdown between critical parts is 
1500 volts rms. Centralab, Electronics 
Div. of Globe-Union, Inc., 900 Keefe 
Ave., Milwaukee 1. 
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SPDT RELAY FOR 
PRINTED CIRCUIT 


Model C relay measures % x % x % 
in., with long or short leads available 
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High voltage Filter Reactor — 
Class “U”—Grade “5” 


12,000 Volt Transformer—Class 
“T’—Grade — 


Filament Transformer “HV Hi 
Pot” Rated. 


JANUARY 1961 


| ARG oe 


TRANSFORMERS 
by C-A-C 


C-A-C can now build High Voltage Components rated up to 
40,000 volts. New, modern test equipment has been in- 
stalled. Corona measurements in accord with MIL-T-27A 
specifications. This addition to C-A-C’s broad scope of 
activities in the magnetic component field will allow you 
to depend on C-A-C as a new source for High Voltage Trans- 
formers and Reactors. 


C-A-C welcomes your inquiries on com- 
ponents requiring high levels of voltage 
output or designs such as the filament 
transformer shown, wherein the isolation 
of high voltage potentials is a factor. 


COMMUNICATION ACCESSORIES 
COMPANY 


Lee’s Summit Phone Kansas City 
Missouri LAclede 4-3500 
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Send for this 


FREE SAMPLE 


Contains 25 different 
test samples of high - dielectric 


INSULATING TUBING and SLEEVING 


Includes samples and descriptions of ... 


VARGLAS SILICONE— Class H tubing, sleeving, lead wire, tying cord. 
Withstands temperature from —85°F to 500°F. 


PERMAFIL-IMPREGNATED VARGLAS TUBING—Fiberglas impregnated with 
General Electric Permafil. 


VARGLAS SLEEVING AND TUBING—synthetic-treated, varnished, lac- 
quered, saturated and others. 


VARGLAS NON-FRAY SLEEVING—three types available. Withstands tem- 
temperatures up to 1200°F. 


VARFLO TUBING AND SLEEVING—full range of colors, sizes and grades. 
Vinyl coated Fiberglas. 


VARFLEX COTTON TUBING AND SLEEVING—varnish or lacquer impreg- 
nated—all NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING—listed by UL for use at 105°C. Various 
formulations to meet unusual requirements. 


aflex MAIL COUPON TODAY 


FOR SAMPLE FOLDER 


= | CORPORATION See ee eS SSS SSS SSeS eee ee ee ee ee 


phaivors of 
Electrical inshoting 
Tobing ond Sleeving 


VARFLEX CORPORATION 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing samples of your electrical tubing and sleeving. 
1 om particularly interested in insulation for : m 

Name 

Company 

Street 


City ‘ : d Zone 
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for printed circuits, hook terminals for 
standard wiring. Terminals arranged 
in multiples of standard 0.100 grid 
board spacing, with one pin offset for 
keying. Rated from dry circuit to 1 amp 
resistive. Temperature range, —65 to 
1-125 C; insulating resistance, 1000 
megohms at 125 C; electric strength, 
1000 volts rms. Hi-G, Inc., Bradley 
Field, Windsor Locks, Conn. 
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FLUID-FLOW SWITCH 


FS-400 switch detects variations in the 
flow rate of liquids or gases to operate 
remote indicators. Corrosion-resistant 


switch replaces any standard elbow fit- 
ting; is available in port sizes from 
34 in. through 2 in. NPT. Gems Co., 
Inc., Farmington, Conn. 

Circle 558 on postcard at end of book 


PUSHBUTTON 
CROSSBAR SWITCH 


Switch eliminates wiring large matrix 
of individual switches and replaces con- 
ventional patchcord switching. Has con- 


Wali 


ELECTRO-TECHNOLOGY 


WH 





SWITCH SHOWN ACTUAL SIZE 


Specify National Acme’s SL2X . . . and eliminate limit switching problems under explosive conditions. Tested and 


certified “‘explosion-proof” by both Underwriters’ Laboratories and the Bureau of Mines, the SL2X is specifically 


designed for use in the mining, chemical, process industries . . . anywhere explosions cannot be tolerated. Latest of 


National Acme’s dependable SL2 “Machine Life’ Limit Switches, the 
SL2X also offers .. . a variety of cam arrangements for extreme opera- 
ting flexibility . . . ample overtravel (67°) and by-pass (90°) .. . light 
operating pressure (12% lbs. at 1%” radius). Get all the details on this new 
standard of limit switching dependability and safety. Call, write or wire. 
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THE NATIONAL 
ACME COMPANY 
€ we e€ 176 E. 131st STREET 
CLEVELAND 8, OHIO 
Sales Offices: Newark 2, N. J., Chicago 6, lll., Detroit 27, Mich. 
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HERE’S WHY VELOCITY DAMP- 
ING IMPROVES SERVOSYSTEM 
RELIABILITY... The velocity-damp 
servomotor is a replacement for compli- 
cated rate-feedback loops—it achieves 
stability by simple and self-contained 
electromagnetic means. 

For example, the seckKMAN® Size 8 
Velocity-Damp Servomotor offers up to 
25 dyne-cm.-sec./rad. additional damp- 
ing, and can replace damping genera- 
tors in 80% of present applications. In 
addition to elimination of phase shift 
and null voltage problems inherent in 
rate feedback systems, the velocity- 
damp unit is shorter, lighter, and con- 
sumes less power. 

In BECKMAN Velocity-Damp Servo- 
motors, damping is a direct function of 
velocity. A low-inertia drag cup, inte- 
gral with the motor shaft rotates in a 
magnetic field generated by a pair of 
permanent magnets. Polarity of one 
magnet is variable with respect to the 
other, so that total force due to induced 
currents may be externally adjusted 
during operation. 

In addition to Size 8 Velocity-Damp 
Servomotors, BECKMAN offers similar 
units in their Size 11, 15 and 18 lines. 

For a complete delineation of servo- 
motor damping theory ...including 
transfer functions to help you deter- 
mine damping needs...write for our 
Servo Brief entitled, “Electromagnetic 
Damping” 


hl EE Me 2 ag 


Beckman Helipot 


POTS : MOTORS : METERS 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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stant impedance of 75 ohms. Break- 
down voltage across switch contacts is 
1000 volts a-c. Contacts rated for 3 
amp. Crosstalk is —60 db at 10 me 
with a 100 ohm termination. For plug-in 
connector or solder terminals. James 
Cunningham, Son & Co., Inc., P. O. 
Box 516, Rochester 2, N.Y. 
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ROTARY SWITCH 


Switch rotation for three positions is 
through 140 deg, incorporating tele- 
phone-type lever key to prevent unde- 


sired operation by shock or vibration. 
Contacts rated 3 amp, 50 volts a-c non- 
inductive. Unit length is 45% in. includ- 
ing shaft and terminals. Switch-Trol, 
Inc., 726 So. Washington St., Park 
Ridge, Ill. 
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MIDGET ROTARY 

TAP SWITCH 

Series 45 switch is rated to break 1 
amp and carry 5 amp at 115 volts a-c 
resistive. Life expectancy of single- 


as 
- 
——"> 


— 


deck single-pole enclosed switch is 100,- 
000 cycles. Can be provided with 2-6 
positions, with stops standard on 2-5 
positions; 6 positions normally supplied 
as continuous rotation. Indexing, 60 
deg. Grayhill, Inc., 561 Hillgrove Ave., 
LaGrange, III. 
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MAGNET-OPERATED 
LIMIT SWITCH 


Switch CR115A19 is operated without 
physical contact of levers, rods or 
shafts. Instead, permanent magnet near 
face of switch causes NO contact to 
close and remain closed until magnet 
is withdrawn. Switch can detect mov- 
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Bra ul Blocks 


Types Es — and — 
for Wires or Cables 
with lugs. 


RA ee 


Nickel plated copper terminal 
bars for good conductivity. 

Type “L’—750 Volts 100 Amp. [| 
Capacity, for up to AWG No.1 | © 
wire—1 to 12 terminals. : 
Type “O”—750 Volts 125 Amp. |. 
Capacity, for up to AWG 1/0 © 
wire—1 to 4 terminals. 
Type “S’—750 Volts 225 Amp. | 
Capacity, for up to AWG 4/0 
wire—1 to 4 terminals. H 
White Fibre Marking Strips. a 


Types be and “py” 
With High Pressure 
Solderless Connectors 


750 Volt 125 Amp. and 250 
Amp. Capacity. 

100% pure electrolytic copper 
tubular connectors provide 
100% conductivity. 

Wire clamping screws give posi- 
tive and completely positioned 
connection. 

No expensive lugs—no lug as- 
sembly time required. 

Type “T’ for AWG #6 to 1/0 
wire, 1 to 6 terminals, 

Type “U” for AWG #4 to 250 
MCM wire, 1 to 4 terminals. 


= 
© White Fibre Marking Strips. 


Write for Bulletins DS-128 and DS-129 
for Complete Details 
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Gis For Contact Capsules 


oto-Cois 


COTO-COIL CO., 


SINGLE « DOUBLE ¢ TRIPLE 


For Class B 
Class F 
Class H 

operation 


(Please specify) 


INC., 63 Pavilion Avenue, Providence 5, R. 1. 
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DYKE 
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making Dies and |. 
Beal) h id 


Jae ckage is 
8-oz. can fit ed vith 
Bakelite cap holding 
soft-hair brush for = 
plying right at benc 
metal surface ready for 
layout in a few minutes 
The dark blue background 
i makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In = 


creases efficiency and = 


accuracy. = 
% = 


Write for sample 
on company letterhead 


~ THE DYKEM COMPANY 


e St. Lovis 6, Me. 
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WIRE CONNECTORS 


perfect for assembly-line wiring 


highest quality, but lower in cost than any other 
way—proved by a large manufacturer that 
cut costs 88%... and others 


easier, quicker to apply—lock on, 
won't shake off—good for your product's life 


high mechanical and dielectric strength 
connection—with special, generous length, all 
plastic shell that resists moisture and chemical 
action—best insulation you can get 


smooth, non-abrasive threads twist and grip 
wires firmly without damage to even the 
finest stranded wires 


fool-proof—scientific knurling provides fast, 
easy twist-on by hand or small power driver 


¢ 5 sizes, approved for 300V and 600V 
(1000V in fixtures) for all production needs 


make 
sure... 


TRY FREE SAMPLE 
ASSORTMENT NOW 


" SPLIT-SECOND" 


CONNECTOR DRIVER 


Low-cost. Provides 
exact twist and right 
tension with stalling 
motor—can't rip 
wires off! Light, 
hand-squeeze con- 
trol—no clutch. 5 
sizes—ask for details. 


eeeeereeeeeeeeeeeeeee eeoeeeeeeeeeeeereee 


IDEAL INDUSTRIES, Inc. 
1108-A Park Ave., Sycamore, lil. 


Send free sample assortment of ‘‘All-Plastic’’ Connectors. 


Name__ 


| | 
| | 
| | 
| 
| | 


eeeeeeeeeevee ee eeee 


Company 


Address 





City — Zone. State. 


eeoeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeed 
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VCE 
CUSTOM TRANSFORMER 
FOR INDUSTRY FROM 


ACTH gts 
Furnace 
FTL 
eva 
Pesta 


TYPICAL UNIT 


OUTPUT NO. 1 OUTPUT NO. 2 | LENGTH | WIDTH | HEIGHT 


220 volts ‘///52.5 volts 7.5///20 volts 
60 cps 1 @ |in as volt steps | in 2.5 volt steps 
570 amps 385 amps 


e@ Used for wire annealing. 


e@ Dual multi tapped transformers are enclosed with tap switches for variable out- 
put voltages. 


e@ Other sizes and combinations available up to 200 KVA. 


For quotations on this and other custom designs, 
specify voltage increments, current requirements, 
and the input voltage and frequency available. 


Light Electric Corp. 


218 _ackawanna Avenue, Newark 4, New Jersey 
Telephone: HU 5-4110 


PLATE TRANSFORMERS UNITIZED RECTIFIERS unit high voltage test sets 
dry or oil immersed oil immersed to 100 KVA | reduced corona 
1 to 250 KVA rectified outputs to | transformers for 
rectified outputs to 75 KV DC | corona testing 
75 KV DC 
50, 60, or 400 cps UNITIZED CONTROLLED POWER MISCELLANEOUS 
SOURCES audio output transformer 
FILAMENT TRANSFORMERS saturable reactor or oe 
low capacitance et ee auterabia conctin 
high reactance care 66 { 1t we 
multiple coil AC or DC outputs for furnace | 0 100 KVA 
or plating applications | ampli oa for — of 
rectifier outpu 
CHOKES LABORATORY EQUIPMENT | current limiting reactors 
filter high voltage testing | tapped furnace or 
charging transformers | annealing transformers 


Pe ee ee ee eee ee ee ee ee ee ee ee 
irrrerreeieeterttrtrttrttettttLt.t.tttteeesesf 


a14 Circle 242 on Inquiry Card 





A 


ing objects where precise control is not 
possible. Permanent magnets may be 
installed on any portion of equipment 
(movable or stationary) to be con- 
trolled, or both magnet and switch can 
be fixed and switch operated by pass- 
ing vane of magnetic material between 
the two. Contact ratings, 0.75 amp 
make, 0.2 amp carry and break at 115 
volts a-c; response time, 0.001 sec. 
General Electric Co., Schenectady 5, 
N. Y. 

Circle 562 on postcard at end of book 


MERCURY PUSHBUTTON 
STATION 


Mercury pushbutton stations include 
multi-unit combinations with indicating 
light assemblies as well as individual 
station installations. Devices employ 
high  current-interrupting capacity 


sealed mercury contactors with capaci- 
ties up to 50 amp. Contacts are dust, 
dirt and moisture-proof. Tigerman En- 
gineering Co., 4332 No. Western Ave., 
Chicago 18. 

Circle 563 on postcard at end of book 


HIGH-CURRENT 
ROTARY SWITCH 


Modular-designed switch A-16 has con- 
tacts rated 20 amp, 600 volts a-c. Four 
double-break, silver-alloy contacts in 
each stage are operated by double cam 
arranged sandwich fashion. Up to 48 
contacts possible. Standard latching 
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tivity PLUS machining savings 
Anaconda Leaded Copper-126 


MACHINING COST COMPARISON 


LEADED COPPER-126 ELECTROLYTIC T.P. COPPER 


(Electrical conductivity 98% 1.A.C.S.T ) (Electrical conductivity 101% 1.A.C.S.) 
(Relative machinability, 80) (Relative machinability, 20) 


cut from ber 


CLIP ASSEMBLY CLIP ASSEMBLY 


(including leaves) (including leaves) 

Machine fill * Hand fill 

Drill Drill 

Tap Tap 

hrs per 100 pcs. . hrs per 100 pecs. 10.838 


BLOCK BLOCK 


Cut-off Cut-off 

Slot Slot 

Grind Grind 

hrs per 100 pes. . hrs per 100 pes. 4.622 


TOTAL TOTAL 
hrs per 100 pes. ; hrs per 100 pes. 15.460 


* Parts are assembled, 
pin drilled, and pinned on 
a semiautomatic machine. 
Machine does not operate 
satisfactorily with 
Electrolytic T.P. Copper. 


| Average for annealed 
metal—slightly lower in 
hard tempers 


55% SAVING in production time PLUS savings in longer tool life—cutters, 400%—drills, 33%—taps, 33%. 


Scores of electrical components made by Barkelew in standard mill forms. For more information, see your 
Electric Mfg. Co., Middletown, Ohio, specialists in the Anaconda representative — or write: Anaconda Ameri- 
manufacture and development of high-capacity switch- can Brass Co., Waterbury 20, Conn. In Canada; Ana- 
ing equipment for over 50 years, require high electrical conda American Brass Ltd., New Toronto, Ont. 60531. 
conductivity in service and considerable machining in 
manufacture. The figures above for a clip assembly 


typify the savings made possible by the use of Ana- Al NA CON DA 


conda’s high conductivity Leaded C sopper-126. Other 


applications include pieces machined from bar stock ELECTRICAL COPPERS 


as large as 414” x 2”. Leaded Copper-126 is available Anaconda American Brass Company 
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Design with versatile 
POLYPENCO® Teflon’ TFE shapes 


Electrical Insulators 
POLY PENCO TFEE insulators in coaxial cable 
connectors are chosen for insulation over a 
wide range of frequency, operable in temper- 
atures to 250°C. Permits small, lightweight, 
weatherproof design 

(Photo courtesy Dage Electric Co., Inc.) 


Miniaturized High Voltage Transformer 
POLYPENCO TFE tape, with high dielectric 
Strength and exceptional heat resistance, per- 
mits miniaturization of high voltage trans- 
formers for airborne radar and other electronic 
applications 

(Photo courtesy Raymond Rosen & Co., Inc.) 


Take advantage of Teflon’s unique character- 
istics in your design. But don’t risk inferior 
quality. Specify POLYPENCO! Design and 
engineering help on any ir ustrial plastics 
problems is as near as you: telephone—and 
yours without obligation. 


WRITE FOR BULLETIN BR-4 


The Polymer Corporation 
of Pennsylvania 


Reading, Pa. 


UHF Insulating Support 
Engineers’ tests of available plastics materials 
covering usable temperature range, mechanical 
properties, thermal expansion, dissipation at 
UHF frequencies, and dielectric constant re- 
sulted in selection of FLUOROSINT® TFE- 
fluorocarbon composition for the grid flange 
clamp and feedback spacers on these S-band 
stable local oscillators. 

(Photo courtesy of Pitometer Log Corp.) 


Antenna Coupler Bushing 


Eliminating excessive wear and withstanding 
300°F. temperatures, this antenna coupler and 
performance monitor with FLUOROSINT® 
TFE-fluorocarbon composition bearing solved 
several previous problems. Life tests indicate 
no noticeable wear. Since the coefficient of 
thermal expansion of aluminum and FLU- 
OROSINT essentially match, there is no move- 
ment of bushing in respect to aluminum 
housing. 


(Photo courtesy of Bogart Manufacturing Corp.) 


{Du Pont Trademark 


Available from Stock 
ROD : 
Diameter: %” to 744” in various lengths 
TUBING 
O.D. 4” to 12” 
I.D. 4%” to 6%” depending on O.D. 
SHEET 
Thickness: “s” to 2” 
Sizes: 12” x 12”, 24” x 24”, and 48” x 48” 
TAPE 
Thickness: .001” to .125” 
Widths: 4” to 24” 
Ten fade-proof colors 
SPAGHETTI TUBING 
AWG sizes 30 to 0 
Thin and regular wall thicknesses 
Ten fade-proof colors for coding 
THIN WALL TUBING 
I.D. %” to 1” 
Wall thickness: .030” to .050” 
ROUND AND SQUARE BEADING 
Round: Diam. .030” to .150” 
Square: .020” to .156” across the sides 
Rectangular and Square Bar also available 


industrial plastics 
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mechanism available for 90, 60, 45, 30. 
20 and 15-deg throws. Minimum life of 
switch is 5-million operations. Ameri- 
can Solenoid Co., Inc., U.S. Highway 
22, Union, N.J. 

Circle 564 on postcard at end of book 


FOUR-CIRCUIT 
LIMIT SWITCH 


Rotary limit 
switches and 
justable 


switch features four 
four independently ad- 
Housed in 


cams. glass-fiber 


NEMA 1 enclosure measuring 315 x 
2% x 5% in. Each circuit has SPDT 
switch with isolated contacts rated at 
115 and 250 volts a-c and 3 
amp, 30 volts d-c. Cam arrangements 
from 25 deg to 335 deg in approximate- 
ly 20-deg steps available along with 15 
gear ratios from 5:1 to 1000:1. Other 
special ratios, cam arrangements, and 
enclosures available. Gemco Electric 
Co., 25685 W. Eight Mile Rd., Detroit 
10. 


> amp, 
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LOW-TORQUE 
SAMPLING SWITCH 


Unit consists of eight slip rings inter- 
connected to eight-segment commuta- 
tor. Dynamic-contact resistance, 0.1 


ohm max. Current capacity, 50 ma 


resistive with 250 ma available with are 


af :1@) (4 af: 
Wieta tt ot” 


a 


suppressor. Dimension is 1*' 


$6 in. over- 
all length with shaft extending 32 in 
at each end. Weight, 12 gm. Tempera 
ture range is 55 to 100 C with 

170 € available. Speed is 2000 rpm 
with brush bounce. Life, 
over 30 million revolutions at 1800 rpm, 


negligible 


ELECTRO-TECHNOLOGY 





Call your Gp) rep today for a 
demonstration of one of these 


POPULAR 


OSCILLOSCOPES 


Production or lab instruments— Simple to use, even for non- 
technical personnel— Moderately priced—Full 10 cm x 10 cm 
display — Automatic calibration waveforms— Low phase shift — 
Automatic triggering for optimum presentation—“Times-5” 
sweep expander magnifies trace, improves resolution. 


DC to 200 KC 


Models 120A/AR combine minimum controls with 9 automatic triggering 
for utmost speed, convenience. Horizontal amplifier dc to 200 KC; phase 
shift only + 2° to 100 KC. More X-axis information due to horizontal ampli- 
fier sensitivity control, with vernier, 5% accuracy. Balanced input on most 
sensitive ranges for low level work. Times-5 sweep expander, all ranges. 15 
calibrated sweep speeds, 5 ».sec/cm to 0.2 sec/cm. Vernier, expander extend 
speed range 1 ,sec/cm to 0.5 sec/cm. 10 mv/cm sensitivity calibrated ver- 
tical amplifier, drift-free trace. @ 120A (cabinet) or ® 120AR (rack) , $435. 


DC to 200 KC -DUAL TRACE 


Models 122A/AR provide simultaneous two-phenomena presentation, are ideal for direct 
comparison of filter, amplifier output /input phenomena; vibration testing. Unique  front- 
panel automatic calibrator waveform switch. Twin vertical amplifiers operate independent- 
ly, simultaneously, differentially. Automatic triggering, automatic synchronization, single 
trace operation when desired. Sensitivity 10 mv/cm to 100 v/cm, 15 calibrated sweeps, ver- 
nier extension. Horizontal amplifier dc to 200 KC. # 122A (cabinet) or 122AR (rack) , $625, 


DC to 300 KC -“BIG SCOPE” PERFORMANCE 


Models 130B/BR provide wide usefulness, simple operation and rugged dependability. 21 calibrated sweep 
times, 1 »sec/cm to 5 sec/cm. Vernier, expander extend range 0.2 psec/cm to 12.5 sec/cm. Twin hori- 
zontal and vertical amplifiers, phase shift + 1° to 50 KC; sensitivity 1 mv/cm to 125 v/cm. Balanced 
input on 6 most sensitive ranges. Common mode rejection 40 db. Stability 1 mv/hour after warmup. 
Triggering automatic, internally, line power, externally, 0.5 v or greater. # 130B (cabinet) or 130BR 


(rack) , $650. 


Thirteen precision 
4 oscilloscopes, 
dc to 1,000 MC 


JANUARY 1961 


Data subject to change without notice. Prices f.o.b. factory 


HEWLETT-PACKARD COMPANY 
1050M Page Mill Road Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 
Sales representatives in all principal areas 
HEWLETT-PACKARD S.A. 
Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26.43.36 = e715 
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NEW 


sub-fractional h.p. 
WORM DRIVE 


GEAR MOTOR 


TYPE WGM 


seins 
—— a. 


7 : 
Z exceptionally 


QUIET 


\ operation 
~ 


Ree 


efficient / 
low cost \ 


A two-pole, shaded pole AC induction motor with totally enclosed die 
cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- 
reducer speeds, 12 to 300 rpm. Output torque up to 50 inch Ibs. at % rpm. 
Precision worm drive. Output shafts, 3%”, 4”, 5%”, 36”. Mounts in any 
position. Ideal for motorized office equipment, revolving displays, vend- 
ing machines, remote TV tuning, etc. Optional: solenoid brake for fast 
stopping; overload thermal protection; varnish impregnated stator; stain- 
less steel or plated shafts. 


We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or 60 cycle; 
¥2 to 800 rpm.; torque up to 200 inch lbs. Special gear-reducers designed 
to your requirements at low cost. Send for details. 


“== Molon Motor & Coil Corp. 


3737 Industrial Avenue © Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 
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FOR PUBLIC 


50 ma_ non-inductive load. Friction 
torque, 0.1 to 0.2 oz-in. Electro-Tec 
Corp., 10 Romanelli Ave., South Hack- 
ensack, N. J. 

Circle 566 on postcard at end of book 


PANEL INDICATOR LIGHT 


Model 106S panel light utilizes T-1 
series bulb which has life of 100,000 
hr at 5 volts and 60,000 hr at 6.3 volts. 


Mounted from front or rear of panel, 
two-terminal unit utilizes materials that 
meet military specifications. Sloan Co., 
7704 San Fernando Rd., Sun Valley, 
Calif. 
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PANEL LIGHTS 
REBULBED FROM FRONT 


Snap-on lenses on panel lights permit 
changing bulb from front or rear of 
panel. Butyrate lenses, measuring 0.510 
in. long x 0.570 in. diam, can be ro- 
tated to align markings. Lens colors: 


ADDRESS, RADIO, 
and kindred fields, 


ARO} tree: 


SERIES 


a AT Te 1b 


P-406-CCT 


of proven quality! 


Double Contact Area 


Phosphor bronze knife-switch socket contacts engage both 
sides of fiat plug contacts. 

Socket contacts phosphor bronze, cadmium plated. Plug 
contacts hard brass, cadmium plated. Insulation molded 
bakelite. Plugs and sockets polarized. Steel caps with baked 
crackle enamel. 2, 4, 6, 8, 10, 12 contacts. Cap o: panel 
mounting. 

Information on complete line, In Jones Catalog 22. 
Electrical Connecting Devices, Plugs, Sockets, Terminal 
Strips. Write 


HowaARD B. JONES DIVISION 
CINCH MANUFACTURING COMPANY 


: —" “ae a nae 
4 rey i TR ' 
} “Eee s | eh | ] 


DIVISION OF UNITED-CARR FASTENER CORP. 
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clear white, translucent white, red, blue, 
amber and green, with markings avail- 
able. Bulb is G-3144 GE two-pin unit. 
Terminals are beryllium copper, cad- 
mium plated or gold flashed. Elotec 
Corp., 1425 No. Lidcombe, El Monte, 
Calif. 
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READOUT MODULES 


Electromagnetic readout modules Types 
203 (for momentary operation) and 
204 (for memory operation) offer com- 
plete alphabet and number display to 
a distance of 70 ft by use of 14 min- 
iature electromechanical indicating seg- 
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PRODUCT-DESIGN BRIEFS 
FROM 


Big bubble 

This gigantic plastic space frame has a 
girth of 60 feet, and arches 45 feet 
overhead. It is one of twenty rigid ra- 
domes built in this country to shelter 
radar antennas in the NATO Early 
Warning Defense net. 


Materials for such a structure must 
have low dielectric constant and low 
loss tangent to minimize effect on elec- 
tromagnetic radiation. The huge bub- 
ble must stand firm against hurricane- 
force winds. It must not crack when 
temperature plummets to —60°F. It 
must also retard fire. 

To meet these stiff requirements, the 
fabricator chose Hetron,® a Durez 
polyester resin with inherent fire re- 
tardance. Reinforced with glass fabric 
and mat, 285 Hetron molded panels 
bolt together to form the radome. 

Because its physical properties need 
not be diluted with additives to achieve 
fire retardance, Hetron resin has be- 
come the standard for demanding uses 
such as this one. If you’d like more in- 
formation on this family of premium- 
quality polyesters, just check the cou- 
pon at right. 


Look—no coils 


Get to the heart of a new and better 
product, and often you'll find a Durez 
plastic. 
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e Fire-retardant radome 


e Plastic potentiometer 


DUREZ 


NEW ENGLAND INSTRUMENT MPANY 

For instance: this little precision 
potentiometer. It’s better because it’s 
simpler—contains no resistance wire, no 
varnish, no cement to come unstuck 
and cause failure. 

Instead, the metallic wiper (at pencil 
point) rides on an almost friction-free 
plastic ring, the resistance element. The 
ring is made of diallyl phthalate resin 
mixed with carbon. The buttonlike in- 
sulating base is a standard Durez diallyl 
phthalate molding compound. 

Potentiometers made with these ma- 
terials just don’t seem to wear out. Nor 
do they lose their excellent insulation 
properties in clammy _ surroundings. 
For these reasons, the little instruments 
are being specified widely for missile 
and rocket control systems, computers, 
and servo gear. 

When your design project needs a 
moldable material of far-better-than- 
average electrical properties—p/us re- 
sistance to moisture and heat—think of 


For more information on Durez products mentioned above, check here: 
(_] Hetron fire-retardant resin (Bulletin D6) 

() Diallyl phthalate molding compounds (data sheets) 

[) Durez molding materials (descriptive Bulletin D400) 


Check, clip, and mail to us with your name, title, and company address. (When 
requesting samples, please use business letterhead) 


DUREZ p.iastics pivision 


1301 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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e Phenolic for motor housings 


Durez diallyl phthalate molding com- 
pounds. We'll gladly send you facts 
about them if you'll check the coupon. 


Housing for life 
Here is part of an appliance not built 
for planned obsolescence. 

The new Hoover convertible vacu- 
um cleaner, say its makers, is designed 
for virtually a lifetime of service. Its 
engineering represents over 50 years of 
leadership in a highly competitive field. 

It’s significant, then, that to enclose 
the cleaner’s two-speed %4-hp motor 
Hoover designers settled on a housing 
of molded Durez phenolic. 


F 


~ 


THE HOOVER COMPANY 


You needn’t look far to find good 
sound reasons for using phenolic to 
mount or protect a motor. Phenolic 
gives lifetime stamina at low cost. It’s 
rugged, nonwarping—yet weighs less 
than other housing materials. On a 
complex part, it can save you much 
costly machining. 

Your custom molder can tell you 
more. Or use the coupon to request 
fact-crammed Bulletin D400 on Durez 
molding materials, their properties, and 


Tra 
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Tough, heat-proof tape solves blind-fastening problem 


MYSTIK BRAND 


7100-G DOUBLE-FACED TAPE 


PROBLEM: how to mount an insulated heating element in a storage cabinet 
to keep prepared foods hot. 
SOLUTION: Mystik 7100-G double-faced tape does the job in two quick steps: 

1. Tape is applied to heating element. Top side of tape is faced 
with interliner. 

2. Interliner is peeled off to expose adhesive which bonds heating 
element to inside of cabinet. Entire operation is completed in less time than 
would be possible by other means of fastening. 

Find out how many ways you can save man hours and cut costs with 
Mystik Brand 7100-G doubie-faced tape. Its silicone adhesive provides 
class ‘‘H”’ insulation, and it withstands temperatures ranging from—110°F. 
to +550°F. 7100-G is excellent for blind fastening, bonding, splicing, lami- 
nating and sealing... fastens wires easily without need for rivets, grommets 


or brackets. Send in today for additional cost-cutting information. 


MYSTIK ADHESIVE PRODUCTS, INC. 
2635 N. KILDARE AVENUE + CHICAGO 39 


MYSTIK 


BP ANE 
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ments. Units 3%e6 in. high x 2% in. 
wide x 2139 in. deep, provide 3 in. x 
2 in. characters with input of 1-30 volts. 
Response time, less than 0.1 sec. Allard 
Instrument Corp., 146 E. 2nd St., 
Mineola, L.I., N.Y. 


Circle 569 on postcard at end of book 
POWER TRANSISTORS 


Series of 15-amp, 150-watt germanium 
power transistors in TO-36 “doorknob” 
design uses cold-welded sealing tech- 
nique which prevents weld flashback 


from contaminating transistor junction. 
Types 2N173, 2N174, 2N277-78, 2N441- 
43, 2N1099, 2N1100 and 2N1358 are 
rated for 100-C continuous junction 
operation, dissipate 150 watts at 25-C 
case temperature. Maximum thermal 
resistance, 0.5 C per watt. Motorola 
Semiconductor Products, Inc., Techni- 
cal Information Center, 5005 E. Mc- 
Dowell Rd., Phoenix, Ariz. 
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SUBMINIATURE TRANSISTORS 


Germanium subminiature transistors 
are 21 times smaller than presently 
available transistors with the same elec- 
trical characteristics. Electrical equiv- 
alents of the p-n-p types, 2N404, 2N428, 
2N416 and 2N417, and n-p-n types 2N- 
388 and 2N440, all now in TO-5 pack- 
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DC RATE 
GENERATOR 


i. me FOR TACHOMETERS 
AND MOST 
SERVO-MECHANISMS 


This new design permit 
exact neutral zone 
either clockwise, or counte 


volts per 1000 R.P.M. 


Also available as a permanent magnet motor for miniatur- 
ized blower, fan or servo motor application. Motor units ava 
able from 4-50 volts D.C. Equipped with Alnico V magnets 

All units built to meet any commer 
fication. Complete with ball bearings 
precision interchangeable sleeve bearir 


Unit illustrated measures 14” lengtt 
With flange mounting, 1%” diameter 


A-C rate generator also available. 


Designed and Manufactured by 


Engineering 


HEINZ MUELLER o., inc. 


4735 W. lowa St., Chicago 51, Illinois 
SPECIALISTS IN ROTARY ELECTRICAL EQUIPMENT 
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GRE tiny die castings 


made in one fast automatic 
operation.. simple or intricate 
parts, high in quality, 

low in cost 


Gries’ exclusive patented 
methods make possible 
wide design latitude .. .. 
assure uniformity, accuracy 
and smooth surfaces on 
small parts of all types 
. + « for a wide variety of 
uses .. . at substantial 
savings. GRC die castings 
leave the machines 

already trimmed. 

In addition GRC’s unique 
single cavity die casting 
techniques offer new 
shortcuts in assembly... 
new approaches in product 
design through our 
exclusive methods. 


Write for samples, 
rices, fact-filled 
ooklet ‘Small 


Eas Ate say NO SEs YOO SUAMAs 


amp Mee Maximum sizes up 


check list. T i} to 134”, oz. i. 
GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings th Z 2 
149 Beechwood Ave., New Rochelle, N. Y. NEw Rochelle 3-8600 


tiny zine 
die castings 
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Yala DELAY RELAYS 


2 to 180 Seconds 


Cart teM) MMLC em CS a) LC 
A.C., D.C, or Pulsating Current. 

Hermetically sealed. Not affected by 
altitude, moisture, or climate changes. 
SPST only—normally open or closed. 


TUN MCMC Mm Ce 
changes from —55 to +80 C. Heat- 
ers consume approximately 2 W. and 
NAM AC Meee ad MULLS 
are rugged, explosion-proof, long- 
NT Pee ed uh 

AAD Sree Me ce OMe Ce] LC 
Pin Miniature . . List Price, $4.00. 


PROBLEM? Send for 
Bulletin No. TR-81 


Also — Amperite Differential Re- 
ESM MLL ae UAE OL 
der-voltage or under-current protection 


BALLAST REGULATORS 


Amperite Regulators are designed to kee the 
current in a circuit automatically regulated 
at a definite value (for example, 0.5 amp.) 
.. For currents of 60 ma. to 5 amps. Operate 
on A.C., D.C., or Pulsating Current. 


ai| 
AMPERITE 
aed 


VOLTAGE OF 24V ‘ WITH AMPERITE , | 
BATTERY & CHARGER | VOLTAGE VARIES 
VARIES APPROX ONLY 


50% : ; 2% 


Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (—50° to +-70 C), or humidity .. . Rugged, 
TO LARC PS CC . List Price, $3.00. 


Write for 4-page Technical Bulletin No. AB-51 


AMPERITE 


561 Broadway, New York 12,N. Y.... CAnal 6-1446 
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 


BATTERY VOLTAGE 


Circle 252 on Inquiry Card 





All the answers 
Ne 


supply 


ew! ROYAL 


catalog no. 5-59 | 


48 Pages of helpful engineering information! Here’s the biggest, 
most complete, most comprehensive catalog of power supply cords ever 
published . . . designed especially to help you select cord sets with the 
right wire, the right attachments, the right color, and the right styling for 
the electrical or electronic equipment you manufacture. Easy, Cross-Ref- 
erenced Index helps you put your finger immediately on the correct wire 
for the job . . . plus the caps, connectors, and strain reliefs you need from 
Royal’s large collection of stock molds — all available without tooling 
charges. Also . . . convenient charts showing current-carrying capacities 
and recommended wire sizes — in fact, everything you need to match the 
cord set to the requirements of your product. 


WRITE on company letterhead for your complimentary copy of this big, 
new Catalog No. 5-59 — today! 


ROYAL ELECTRIC 
‘ CORPORATION 
~ PAWTUCKET, RHODE ISLAND 


-.@n associate of 


in Canada: Royal Electric Company (Quebec) Ltd. 
Pointe Claire, Quebec 


in California: Electric Cords & Supply Corp., 
413 E. 3rd St., Los Angeles 13 
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ages, are, respectively: 2N799, 2N805, 
2N811, 2N813, 2N815 and 2N821. Her- 
metically sealed with a metal and glass 
base; dimensions, 0.130 by 0.130 in.; 
collector dissipation, 70 mw at 25 C. 
Raytheon Co., Semiconductor Div., 200 
First Ave., Needham, Mass. 
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TRANSISTOR HEAT SINKS 


Heat sinks for power transistors and 
diodes offer 25 sq in. surface area for 
each inch of length. Units may be used 


singly or in multiple arrays; are fur- 


nished with holes for mounting power 


transistor, stacking heat sinks, and 
attaching terminal board to heat sink. 
Finish is electrically conductive; meets 
MIL-C-5541. Special hole patterns and 
finishes can be furnished. Invar Elec- 
tronics Corp., 323 W. Washington Blvd., 
Pasadena, Calif. 
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TRANSISTOR RADIATOR 


Model 3AL-705 radiator for TO-8 case 
transistors mounts on_printed-circuit 
boards or metal chassis. When mounted 


vertically, unit also serves as retainer 
for transistor. Dimensions are 1 in. 
max diam x %¢ in. thick. Material is 
aluminum, finish is black anodize per 
MIL-A-8625. The Birtcher Corp., 745 
S. Monterey Pass Rd., Monterey Park, 
Calif. 
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TRANSISTOR HEAT 
DISSIPATOR 


Transistor heat - dissipating 
uses beryllium-copper spring finger to 
accommodate diameter variations from 
0.305 to 0.335 in. found in TO-5, TO-9, 
TO-11 and TO-39 transistor cases. Re- 
tainer provides maximum thermal con- 
tact with transistor case without damag- 


retaine! 
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now available from MOTOROLA 
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Motorola now offers an extensive line of medium-current 
diffused-junction silicon rectifiers which exhibit the same 
high-quality performance that has made Motorola zener 
diodes a standard for the industry. In order to insure this 
same standard in its silicon rectifiers, Motorola has estab- 
lished comprehensive quality assurance programs to guar- 
antee stable operation and continued reliability for each 
Motorola rectifier — even under rugged military-type en- 
vironmental conditions. With reliability as the primary 
goal, these rectifiers incorporate the same advanced silicon 
For your copy of the new processing techniques which have made possible so many 
ore gyre - new silicon diode developments at Motorola. 
#DS 1002-1. Please address 


inquiries to MOTOROLA 
SEMICONDUCTOR PRODUCTS 


WB INc., Technical information T 
Department, MO OROLA 
5005 E. McDowell Road, Semiconductor Products Inc. 
Phoenix, Arizona. 


® Peak surge currents 
up to 250 amps 


© Conservative ratings assure 
extra margin of safety 

® Variety of hermetically-sealed 
package styles 


® Military types available 


A SUBSIDIARY OF MOTOROLA. INC. 


5005 EAST McDOWELL ROAD @ PHOENIX, ARIZONA 
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COSMO Nylon Bobbins 


Cosmo molding methods produce nylon bobbins and washers to 


from 


your 


your exact specifications or you can order from a wide variety 
of shapes and sizes carried in stock for immediate shipment 


Among the many features found in Cosmo “zytel” Nylon 
Bobbins are: + Strength in thin sections + Dimensional 
ST Le Meme Ul eS My t- pe Crit hits 
to impact * Resistance to action of many common chemicals 
* Rated for use up to 250°F + Good dielectric strength. 
Investigate the benefits—savings . .. increased production speed 
elimination of rejects with Cosmo Nylon Bobbins 


New catalog and samples on request. 


SALES DIVISION OFFICES 
Arizona, Califernia, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Wash 


re 
ee a See on ee] 


We Welcome Your Inquiry. 


3239 WEST 14 STREET © TOwer 11-5597 °* CLEVELAND 9, OHIO 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed contro! in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled ‘“Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature 
Patented feedback, or 
circuits provide 


power. 
“Servo” 
torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others 


Te aed DIV. of ELECTRO DEVICES, Inc 
4 Godwin Ave. Paterson. N. J. 
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ing snap fits. Rivet or screw attachments 
pe:mit single, multiple or back-to-back 
dissipator mounting to all printed- 
circuit boards and heat sinks. IERC 
Div., International Electronic Research 
Corp., 135 Magnolia Blvd., Burbank. 
Calif. 
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SUPPLEMENTAL 
MAGNETIC SHIELDS 


Shielded enclosures temporarily or per- 
manently shield separately manufac- 
tured subassemblies designed for inte- 


gration into a total package. Shields 
eliminate need to redesign in case 
of unanticipated magnetic interference 
from other subassemblies. Slip-over 
covers with lead holes and access plates 
available. Additional lead holes may be 
drilled. Magnetic Shield Div., Perfec- 
tion Mica Co., 1322 No. Elston Ave., 
Chicago 22. 
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FLEXIBLE HEATING TAPE 


Fibrous-glass tape, into which conduc- 
tive silicone rubber has been vulcan- 
ized, provides approximately 50 F tem- 
perature rise for each 1 watt per sq in. 
applied electrical power. Width, 4% to 
54 in.; length, as desired; thickness, 
0.005 to 0.010 in.; power requirements, 
1.5 volts d-c to 440 volts a-c, to 5 amp; 
maximum temperature, 900 F. Tape 
must be electrically insulated with vi- 
nyl, Mylar, TFE-fluorocarbon, or fiber 
glass. Sunelec, Inc., P.O. Box 11339, 
209 Homan Ave., Trenton 8, N. J. 
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CONDUCTIVE GASKET 


Types 8516 and 8520 are 30- and 24- 
mesh, aluminum-alloy wire-cloth im- 
pregnated with 50 durometer silicone 
rubber to a thickness of 0.016 and 
0.020 in. Aluminum wire cloth meets 
AMS 4182A and the silicone rubber 
meets AMS 3302B. Withstands temper- 
atures from —65 to -++500 F. Suited 
for waveguide gasketing, shielding and 
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VHF P-A-D-T High-Gain Transistors ARE BETTER. ... for 


AM/FM, mobile communications, car radio, and instrumentation! 


yi Maximum Uniformity and Interchangeability 


By combining the best qualities of both the alloy and 
the diffusion approaches to transistor construction — and by 
means of special “self-jigging”’ techniques — the Amperex Post 
Alloy Diffusion Process achieves maximum yield and uni- 
formity, virtually eliminating the need for “selection”. From 
drawing-board to final quality control checkpoint, the PADT 
process rigidly maintains the specifications of each transistor 
you require, not only to provide hitherto unattainable uni- 
formity, but also maximum interchangeability with competi- 
tive types — plus... 


High Beta The revolutionary PADT process provides 

a guaranteed minimum beta of 40...an average of 150 

. with resultant high power gain! Therefore, PADT tran- 
sistors can now guarantee... 


a Maximum Design Freedom for Engineers Tne 


unprecedented characteristics of PADT transistors pro- 
vide easier temperature stabilization, lower bias circuit loss, 
higher dissipation reserve, superior K factor, high alpha cut-off 
frequencies and safe, extremely conservative collector voltage 
ratings. 


7 NEW P-A-D-T PNP TYPES specifically designed for specific Pent ny 
in mass production at the new Amperex semiconductor plant in Slatersville, Rhode Island 


APPLICATION TYPE NO. FUNCTION 


- amplifier in 6 or 12 volt car radio 
applications from .5 to 1.5 mc, or in 


portable broadcast receivers. 


CAR RADIO 
or 12 volts. 


PADT-27 Mixer, oscillator or converter, 455 or 


262.5 kc; at 6 or 12 volts. 


High frequency IF amplifier in mobile 
communication and airborne receivers. 


RF or IF amplifier, or mixer, in receivers 


operating up to 100 mc. 
MOBILE 
COMMUNI- 
CATIONS 

region. 


PADT-31 
plier at frequencies up to 60 mc. 


In stock at tne following Amperex distributors and others: 


RADIO SHACK CORP. 
BOSTON, MASS. 

STAMFORD, CONN. 

W. HARTFORD, CONN. 

NEW HAVEN 10, CONN. 
ROME ELECTRONICS 

ROME, N. Y. 

R. V. WEATHERFORD COMPANY 
GLENDALE 1, CALIF. 
THUROW ELECTRONICS, INC. 
COCOA, FLA. 

JACKSONVILLE, FLA. 

MIAMI, FLA. 

ORLANDO, FLA. 

PENSACOLA, FLA 

TAMPA, FLA. 


ADLETA COMPANY 
DALLAS 1, TEXAS 
FORT WORTH, TEXAS 


BRILL SEMICONDUCTOR CORP. 
OAKLAND 6, CALIF. 


ELMAR ELECTRONICS INC. 
OAKLAND 7, CALIF. 


INTERSTATE RADIO & SUPPLY 
DENVER 4, COLORADO 


MILO ELECTRONICS 
NEW YORK, N. Y. 


NEWARK ELECTRONICS CORP. 
CHICAGO, ILL. 


Lda: tr PS 


... Amperex 444i 


SSAA bitty LL Ape 


for detailed data and SONA 7 77d 
applications assistance SNF ee 
(including complete circuits Z 
designed to your specifications) 


AMPEREX ELECTRONIC CORPORATION 


230 DUFFY AVENUE, HICKSVILLE, L. 1., NEW YORK 


In Canada: Rogers Electronic Tubes & Components, 116 Vanderhoof Ave., Toronto 17, Ont. 
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IF amplifier (455 or 262.5 kc), or in 
mobile communication receivers; at 6 


RF amplifier for service in the 175 mc 


Mixer, oscillator, or frequency multi- 


ae eel is) 


Low leakage and high current gain minimizes AGC current re- 
quirements. Improved noise figure. High base-to-emitter voltage 
rating minimizes danger of breakdown. 


Low collector-to-base capacitance; plus extremely small collector 
cut-off current. Minimum Beta of 40 to facilitate the design of 
AGC circuits. 


Low mixer noise averaging only 3 db at 1 mc. Low leakage, less 
than 50 wa at 60°C. 


Unusually high output resistance for improved receiver selectivity. 
Less than 50 wa leakage at 60°C improves AGC operation. 


Typical power gain greater than 14 db at 100 mc, with a noise 
figure less than 9 db. High base-to-emitter breakdown voltage for 
extreme safety. 


Typical gain of 14 db at 200 mc. Noise figure, 5.8 db. Maximum 
frequency of oscillation, 700 mc. Extremely low base resistance. 


High output resistance (30,000 ohms typical at 10.7 mc). Power 
gain — more than 14 db at 60 mc. Conversion gain 20 db min. 
at 27 mc. 


P-A-D-T TRANSISTORS ‘COMPARISON-TESTED’ 
WITH COMPETITIVE CAR) RADIO BRANDS 


0 Reel Bat Sa Eos: Scena hed 

 fogotmt) TOR AR TYP ApprOK 12.6 mint” 
40 - 60 " RF 20-80 

: e ea. 

oe: 
50 min 
30 


10 max 


Omer er Clem La Poe titel MME LiL aera eee Lats) 
TU ae at eal VF 

Calculated value based on a maximum available power gain of 28 db at 
10.7 mc and a power fall of 6 db per octave 
Based on P, at 25°C of 80 mw, P, at 55°C o 
derating factor which is 1 mw °C 

Calculated by the following equation are PT 


) mw and a linear 


Per) Me ee a ee 
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FULL OF 
RELIABLE 
POWER... 


.. . MERKLE-KORFF 
FHP GEARED MOTORS 


Engineers want unfailing reliability, higher 
starting torques, more power, more ver- 
satility, more ruggedness .. . in smaller 
packages. 

Merkle-Korff Geared Motors are the 
answer. They pack more torque into fist- 
sized spaces (even reversibles) with less 
weight and provide unequalled depend- 
ability. They represent not only a better 
buy, but better performance for equipment 
they power. 

Versatility? Thousands of combinations 
of motor types, speeds, torques, brakes, 
fans and mounting facilities are available 
as standard equipment. When you specify 
Merkle-Korff Geared Motors, you are speci- 
fying the best. 


Merkle-Korff Applications Engineers are 
always ready to serve you. Write or tele- 
phone, now. 


MERKLE-KORFF GEAR CO. 


211 North Morgan Street 7” Chicago 7, Illinois 


g KORG 


©} 


Oo 


“a 


TORQUE & RPM 


Torques from .4 to 300 Ib.-in. 
at 800 to 1/5 RPM. Slower 
or higher speeds available on 
special order, 


MOTOR TYPES 


- include unidirectional 
shaded pole induction, tandem 
induction reversing, wound 
shading coil induction revers- 
ing, unidirectional synchronous 
and wound armature types for 
universal AC-DC and shunt 
wound DC with lead arrange- 
ment for reversing as required. 
115 volts, 60 cycles or DC is 
standard. Special voltages and 
frequencies are available. 


MOUNTING POSITIONS 


Horizontal or vertical up or 
down shafts in base mounted 
no base (face mounted), heaton 
ted base or sidewall mounted 
designs. 


OPTIONAL FEATURES 


The Model BF Geared Motor 
may be ordered with leads, 
cord set, quick disconnect ter- 
minals, brakes, motor covers, 
thermal overload Protectors, 
right angle shafts and various 
oiling arrangements. 


Telephone: MOnroe 6-1900 


Circle 258 on Inquiry Card 


for filtering induced r-f. Connecticut 
Hard Rubber Co., 407 East St., New 


Haven, Conn. 
Circle 577 on postcard at end of book 


TILTING CHASSIS SLIDE 


Model SS-300-T chassis slide allows 
chassis to slide out and automatically 
lock in place. Quick release enables 
substitution of replacement chassis. 


Slide mounts 17-in. chassis on 19-in. 
panel rack. Fully-extended capacity, 
185 Ib. Height, 3 in.; stock lengths of 
14 and 24 in. can be modified to speci- 
fication. Construction is controlled- 
temper cold rolled steel, with shock- 
resistant solid bearing. All parts 
plated, Iridite coated and lubricated 
molybdenum-disulfide coating. 
Christman Industries, Inc., 1562 61st 
St.. Brooklyn 19. N. Y. 

Circle 578 on postcard at end of book 


CONTROL KNOBS 

Skirted-type knobs having diameters 
ranging from 34 to 114 in., with molded 
hole or brass insert, are supplied with 
indicator line on skirt and crown. Parts 


with 


are molded in thermosetting plastic ma- 
terials and meet military specifications. 
Harry Davies Molding Co., 1428 No. 
Wells St., Chicago 10. 
Circle 579 on postcard at end of book 
See Laboratory and Engineering 
Equipment on page 228 
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416-PAGE 


Pa ee eS 
CATALOG #21 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 


Available From STOCK! 


no" 


GEARS * SHAFTS* COLLARS* CLUTCHES « 
BEARINGS» COUPLINGS « DIFFERENTIALS 
¢ SPEED REDUCERS and many other Pre- 
cision Engineered Parts & Components. 


onran PAC DESIGN CORP. 
oday. dd subsidiary ot BENRUS WATCH COMPANY, Inc. 


today. 
477 Atlantic Ave., East Rockaway, L.I., N.Y. 


DOES FEEDBACK 
figure in your future? 


Here is your chance to catch up with the latest 
mathematical techniques for analyzing servo- 
mechanisms and closed-loop systems. 


For convenient home study and on-the-job 
reference, you’ll want a personal reprint copy 
of Ira Ritow’s authoritative 6-article series on 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This 64-page article series—originally featured 
in ELECTRICAL MANUFACTURING—has been ac- 
claimed as an outstanding contribution to the un- 
derstanding of advanced servomechanism design. 
It is a comprehensive treatment that will serve 
design engineers in dealing with the ever-increas- 
ing demands for automatic control in the opera- 
tion of machines, autopilots, communications 
systems, process control, appliances. Includes a 
supplement chart showing the seven basic control- 
system element classifications and their various 
common representations, including transfer func- 
tions, equivalent analog computer circuits, Bode 
and Nyquist diagrams, etc. 


See page 150 for handy order form. 
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Now you can mount 


CLARE 


BILLION- 
OPERATION 


RELAYS 


on your own 
printed circuit 


board 


Typical Clare mercury-wetted relay 
steel-enclosed modules for 
circuit-board mounting. From top: 
HGSM Relay Module, HGM Relay 
Module, HGPM Relay Module. 
Epoxy molded Relay Modules are 
also available. 


Mercury-wetted contact relays, steel- 
enclosed and ready for mounting on your 
own assembly line, give you Clare 
reliability in operation, combined with new 
ease of application and handling. Clare 

HG and HGS relays have test records of 
over 10 billion operations, without 
maintenance or change in characteristics. 
In these new modular cases, they’re sturdy, 
magnetically shielded, easily replaceable. 


Choose either the standard Clare HG 
relay, or the HGS—super-fast and super- 
sensitive. You’ll gain extra convenience 
and increased component-density with 
these Clare Relay modules. 


Each relay contains one or more of these magnetic 
switches. Mercury-wetted contact surfaces are 
continually wetted by capillary action; they never 
bounce, never get dirty, never weld, and 

never wear out. 


Get Bulletin CPC-8 for detailed specifications, character- 
istics, dimensions: Ask your Clare representative, or address 
C. P. Clare & Co., 3101 Pratt Bivd., Chicago 45, Illinois. In 
Canada: C. P. Clare Canada Ltd., 840 Caledonia Road, 
Toronto 19, Ontario. Cable address: CLARELAY. 


Cc. P. CLARE & CO. 


Relays and Related 
Control Components 
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Whatever Your 
Varl-speed 
Requirement... 


_— 


has the answer... 


@ Variable speed pulleys with 
exclusive cam and cam follower 
feature that assures constant 
speed regardless of load varia- 
tions. Ratios to 2.6 to 1. Frac- 
tional to 5 hp. 


@ Wide V-belt variable speed pul- 
leys with cam and cam follower 
feature as above. Speed ratios to 
3 to 1. Fractionai 3o 5 hp. 


@ Hi-Ratio variable speed pul- 
leys for economy and exceptional 
efficiency at speed ratios as high 
as 7 to 1 


@ Dual ratio compound drives to 
provide a compact unit for obtain- 
ing speed ranges not possible with 
a single pulley. 


@ Motor bases in a full range of 
types and sizes: adjustable, tilt- 
ing and movable countershaft. 
Also motor frames. 


@ Wide V-belt sheaves and wide 
variable speed belts, sizes from 
087 to 14. 


You'll find the answer to any vari- 
speed application in Hi-Lo’s complete 
line. Ask for recommendations on your 
requirement. Request Bulletin HL-60. 


affiliate of 
LOVEJOY FLEXIBLE 


COUPLING COMPANY 
4952 H West Loke St. 
Chicago 44, Ill. 
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Laboratory and 
Engineering Equipment 


SPRING TENSION GAGE 


Gage STG-2-Z has a range of zero to 
1200 gm in 100-gm increments. Accur- 
acy remains constant, permitting a de- 


pendable standard of measurement. 
Frame is 6 in. long, length is 91% in. 
Houses clock-spring indicator. P. K. 
Neuses, Inc., 511 No. Dwyer St., Arl- 
ington Heights, Ill. 

Circle 580 on postcard at end of book 


PULSE-TRANSFORMER 
TEST KITS 


Three test kits combine to form 86 
miniature pulse transformers for bread- 
boards. The MPT kit (18 transformers) 
covers a wide range of winding ratios 
and open-circuit inductances for 112 


and 521 winding ratios. Approximate 
pulse widths: 0.1 through 25 psec. The 
TT limit kit (28 transformers) pro- 
vides end limit transformers in 112 and 
521 winding ratios, usable with 0.05 
through 5 psec pulses. The TT range 
kit (40 transformers) contains a samp- 
ling of 2, 3 and 4-winding transformers 
with winding ratios of 101 and 521. 
Approximate pulse widths: 0.2 through 
3 psec. PCA Electronics, Inc., 16799 
Schoenborn St., Sepulveda, Calif. 


Circle 581 on postcard at end of book 
ROTATING-COIL FLUXMETER 


Model 601 rotating-coil fluxmeter can 
gage or control non-uniform fields to 
within 0.01 per cent. Using an oscilla- 
tor to stabilize a reference magret to 


ex 
one part in 10°, the unit compares un- 
known field with known field and shows 


difference on null-indicating meter. 


Probe length, specified by customer; 
diameters transverse in fields, 1% in. 
min; parallel, 34 in. min; reproduci- 
bility, 0.01 per cent or 1 gauss, which- 
ever is greater. Greater accuracy in 
weak fields available on special order. 
Dimensions, 30 x 6 x 6 in.; weight, 42 
lb. Electronics Div., J. C. Carter Co., 
671 W. 17 St., Costa Mesa, Calif. 


Circle 582 on postcard at end of book 


ENVIRONMENTAL 
VIBRATION MACHINE 


Environmental vibration machine RV- 
15-25 tests small electronic assemblies 
to MIL-T-19500B requirements. Unit 
can produce continuous accelerations 
to 25 g at nominal load. Water-cooled 
machine operates unattended for 100 
hr or more. Load capacity, 30 lb nom, 
50 lb max; mounting surface, 15 x 15 
in.; excursion, adjustable from 0 to 
0.375 in. at nominal load; frequency 
range adjustable from 10 to 100 cps; 
cycling period continuously adjustable 
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Taw VRVOUT of this world 


DOWN-TO-EARTH FACTS 


The excellent acceptance given the NIXIE 
Indicator Tube—the first mass-produced 
all electronic readout tube—extends 
throughout the industry. It is understand- 
able when you compare this tube, feature 
for feature, with any other readout. Check 
these facts, then specify: 


Lowest Cost 
Smallest Size 
Lightest Weight 

No darkening display 


Most easily read... 
under all conditions 


No shifting focus 
or misalignment 


® All electronic 


No costly replacement 
or servicing 


Lowest power requirements 
®@ No bulb or filament failure 


Meets maximum temperature, 
shock and vibration 
specifications 


® No segmented failure 
© Longest life . . 200,000 hours 
© No matrix driver required a . 
Burroughs Corporation 
Write today for your oe) 


READOUT FACT FINDER eat oe Ce 
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Collectadata: when 
paper tape 
cre) eelonmn ae 


paper 
work goes 


e)ela 


The machine at left is a Friden Collectadata® 
Transmitter—key to a new system of internal 
data collection that virtually eliminates 
in-plant paperwork. 


The system is simple. Transmitters, spotted in 
key reporting locations throughout the plant, 
are cable-connected to a central Collectadata 
Receiver. “Blank forms” are issued as pre- 
coded tab cards or Friden edge-punched 
cards. Each card becomes a “filled-in” report 
after the worker inserts it in the transmitter, dials in variables and 
touches a key. The rest is automatic. The receiver records each report 
in punched paper tape, adds an automatic time code. At day’s end, the 
receiver tapes are processed—converted to tab cards or fed directly into 
a computer to prepare comprehensive summaries of plant activity. 


Collectadata users report substantial savings in time and money. But 
in many applications the speed, accuracy and efficiency of automated 
data collection are even more significant. For information, consult 
your Friden Systems Man. Or write: Friden Inc., San Leandro, Calif. 


THIS IS PRACTIMATION: automation so hand-in-hand with 
practicality there can be no other word for it. © 1961 eniven, inc. 


SALES SERVICE AND INSTRUCTION 
THROUGHOUT THE U. Ss. AND WORLD 


Circle 265 on Inquiry Card 


from 1.5 to 60 min. Frequency range 
for cycling may be selected between 
any two points on frequency scale. 
L. A. B. Corp., 700 Onondaga St., 
Skaneateles, N. Y. 

Circle 583 on postcard at end of book 


PORTABLE VIBRATION METER 


Battery-operated solid-state vibration 
meter PR-9252 reads peak amplitudes 
of absolute or relative vibrations di- 
rectly. Frequency range, 5 to 1200 cps; 
amplitude range, 0 to 1000 microns 


in five steps; sensitivity, 0 to 10 microns 
full scale; weight, 5 lb; dimensions. 
9% x 5 x 4 in. Internal calibration 
possible in every range. Unit has output 
terminal for oscilloscope, strip-chart 
recorder. Korfund Co., Inc., Dept. 77T, 
Cantiague Rd., Westbury, N. Y. 

Circle 584 on postcard at end of book 


ROSETTE STRAIN GAGES 


Gage provides directly both orientation 
and separate magnitudes of principal 


strains. Measurements are possible for 
strain levels at low as 50 microin. per 
in. Instrument is direct readout, no 
instruments or electrical connections 
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NEED 
PRE-ENGINEERED 
WIRE 


WIRE 
PACKARD 
ELECTRIC! 


-A SINGLE SOURCE FOR SPECIAL 
AND REGULAR CABLE AND WIRE 


Just give us the specifications. We will work with your 

designers to develop and produce pre-engineered wire, a gos 
such as power cords, to your exact needs. Or, if you want CROSS SECTION OF A PACKARD ELECTRIC POWER CORD 
regular cable or wire, you can choose from our broad 

line of electronic, aircraft, appliance, marine and auto- 


motive cable. And we are one of the largest producers Packard | Electric 


of magnet wire. 
moroes 
cost- and quality-controls. Remember, whenever you need 


wire ... wire Packard Electric, Warren, Ohio. Live Wire” division of General Motors 


Packard’s integrated production, from raw materials to ——, 


finished products, assures on-time delivery, dependable 
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MICROAMPERES 


THIS SLIM-LINE, TRIM-LINE STYLIST 


Have a look at the most distinctively different meter design in years. 
Start with styling (as your customers do): note the thoroughbred leanness, 
the crisply drawn detail, the overall look of precision. Consider function: 
see how the picture-window dial is recessed and angled back for easier 
reading. Ponder practicality: observe that the self-trimming case is installed 
with just a single panel cutout. Sample the specifications: choose from 
two sizes—Model 561, 5” x 2%”, and Model 361, 34%2%” x 2”; both in 
satin-finish Bakelite; both available in standard microampere, ampere, 
millivolt and volt ranges, AC or DC. Prices and other data? Ask for 
Bulletin 107. 


ASSEMBLY PRODUCTS, INC. 
Chesterland 14, Ohio 


B.A. 2110 
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are required. Unit has 114-in. diam. The 
Budd Co., Box 245, Phoenixville, Pa. 
Circle 585 on postcard at end of book 


PORTABLE TEMPERATURE 
CHAMBER 


| Model 1060L chamber is heated elec- 


trically or cooled by liquid or solid 


| CO,. Temperature control is within 
| +1% deg F between —100 and +500 


| F, with no overshoot when approaching 
| desired temperature. Stainless steel in- 
| terior measures 10 x 7 in., insulated 
| with rigid glass fiber. Chamber, oper- 
| ating on 117 volts a-c, can be pro- 


grammed with auxiliary timer to al- 
ternate between specific high and low 


temperatures. Delta Design, Inc., 7460 
| Girard Ave., La Jolla, Calif. 


Circle 586 on postcard at end of book 


D-C AMPLIFIER 
Model 759-5 d-c amplifier has built-in 


| strip-chart recorder output and accepts 


inputs of +1, +10, +lv9 and +1000 
nv full scale. Input impedance, 1 to 5 


<\ 


wenn MOOR 759° 


} 


megohms; weight, 110 lb with cabinet 
and handle. Unit available with or with- 
out panel meter. Magnetic Instruments 
Co., Inc., 546 Commerce St., Thorn- 
wood, N. Y. 

Circle 587 on postcard at end of book 


| D-C TO 900-MC 
VOLTAGE STANDARD 


| Model 440 micropotentiometer can be 
| used either as a relative or absolute 


voltage standard. Precisely determined 


| output voltage provided for 0 to 900 


mc input current. Unit can be adjusted 
to provide outputs from ¥ to full rated 


ELECTRO-TECHNOLOGY 





PORTER-CABLE depends on 
USG’" BRUSHES for the efficient power 
and endurance of their quality tools... 


Porter-Cable home and shop portable power 
tools are quality built to the highest standards 
in the industry. Contractors and builders, 
home craftsmen and hobbyists have come to 
expect Porter-Cable power tools to give long 
years of dependable, trouble-free service. 


Naturally, Porter-Cable specifies only the best 
components for their products, including 
USG Motor Brushes. 


Vital to power, efficiency and endurance of 
electrically powered units, USG Motor 
Brushes are giving excellent, maintenance- 
free service in thousands of applications in 
fractional H.P. and industrial type motors, 
generators, crane and mill motors, marine 
and transport motors and dynamos. 


The United States Graphite Company manu- 
factures a complete line of motor and genera- 
tor brushes and contacts that include carbon, 
carbon-graphite, electro-graphitic, metal- 
graphite and silver graphite. 


! For complete information on USG brushes and contacts, 
write for Catalogs B-56 and the USG grade list. 


B-280-1 


THE UNITED STATES GRAPHITE COMPANY 
DIVISION THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® satis © GRAMIX® poWwDER METALLURGY © MEXICAN® GRAPHITE ae © USG® Brusnes 
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HEYCO STRAIN RELIEF BUSHINGS 


for standard and special wires and cables 


The Approved Standard for 
Insulating and Anchoring 
ELECTRICAL 


HEYCO JUNCTION-TERMINAL BUSHINGS 


Miniature insulated receptacle for use with 3/16" quick 
disconnect terminals. Completely insulated Nylon body. 


Snap-in Assembly - Color Coded 
Eliminate “Pig-Tail Wire Leads 


& 


SESS 


Adjusts and fits into curved surfaces. 
Available single or connected in units 
from 2 to 5. Color and Number Coded 
Mate with 3%.” or 4” female terminals 


HEYCO o SMap Bushings 


Snap locks into panels up to 4” thick with 
finger pressure —35 lb. push back test. 
10 sizes for holes from % to 1%" dia. 
various inside diameters. 


Nylon provides complete electrical in- 
sulation and rugged mechanical pro- 
tection for Electrical wire & cable — 
Tubing & hose—Rope & cable-Bearing 
surface for moving parts. 

Same bushings available 


without holes 


HEYMAN 
MANUFACTURING 


COMPANY 


KENILWORTH 1, NEW JERSEY 


Hey Man... Say HEYMAN! 
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voltage; output ranges available from 
40 pv to 0.33 volts. Ballantine Labora- 
tories, Boonton, N. J. 

Circle 588 on postcard at end of book 


POWER SUPPLY FOR 
TUNNEL DIODES 


Model TD1 solid-state regulated d-c 
power supply is designed especially 
for powering tunnel diodes. Output 


voltage, 0-114 volts at 0 to 250 ma; 
regulation, 1 mv per 10 per cent line 
change at any rated load; load regula- 
tion, 1 mv from no load to full load; 
ripple, less than 0.6 mv rms; transient 
response, less than 50 psec. Line input, 
105 to 125 volts, 60 cps; dimensions, 
3% x 14% x 19 in. for rack mounting; 
weight, 23 lb. Universal Electronics 
Co., 1720 22 St., Santa Monica, Calif. 

Circle 589 on postcard at end of book 


GEAR ANALYZER 


Analyzer permits observation of shaft 
backlash angle and one-minute-of-arc 
shaft motion while determining break- 
away torque. Lights indicate when 


backlash torque and breakaway torque 
have been exceeded. Sliding coupling 
transmits pre-set backlash and break- 
away torques over range of 0.002 to 
48 oz-in. Adjustment prior to testing 
compensates for ambient conditions and 
internal aging effects. Rotiform Co., 
1509 Colorado Ave., Santa Monica, 
Calif. 

Circle 590 on postcard at end of book 


SERVO DEVELOPMENT KIT 


Size A kit consists of group of stand- 
ardized servomechanism components 
from which mechanisms and gear trains 
can be assembled. Includes anti-back- 
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KATO Peas 


pedir ty CHOICE OF KATO. 1 


GENERATORS FLEXIBLE COUPLINGS» 
ADAPTABLE TO 
ANY ENGINE! 


FOR YOUR ELECTRICAL 
REQUIREMENTS! 
e Designed for easy operation 
and maintenance. Maximum 
dependability. High 
quality materials 
throughout. 
oe 
e Generating equipment in 
capacity from 350 watts 
to 1000 KW, 60 cycles. 
400 cycle generators to 250 
KVA capacity 
Brushless generators available 
in some sizes for 60 and 400 
cycles. 
GENERATOR DESIGNS 
*% Single Bearing *% Two Bearing 


* Two Bearing a Coupled on 
KATO 


MOTOR GENERATORS 


TO CHANGE FREQUENCY, VOLTAGE, 
PHASE. AC TO DC OR DC TO AC. Output 
frequencies either fixed or variable 
in various frequency ranges from 25 
cycles up to 1200 cycles. 


WRITE TODAY FOR FOLDER! 


Builders of Fine Rotating Electrical Machinery Since 1928! 


KATO 128 Maxfield Ave. 
MANKATO, MINN 
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— FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 

Insulation Grip— 

Small or Large 

Screw Hole. For 

Standard, Extra 

EASY TO APPLY « NO TOOLS REQUIRED Flexible Strand- 
— ingand Solid Wire 


Atay awe a2) a 


RAS t dame el 


for Capacitors @ Resistors 
Pyrometers @ Appliances 


. . wherever high insulation values are desired , use 
Sauereisen Cement No. 8. Will not corrode re- 
sistance wire, withstands temperatures to 2800°F 
self-hardening, quick-setting. Ask for Data Sheets 


Sauereisen Cements Co., Pittsburgh 15, Pa. 


SPECIAL TRIAL ORDER 7/50 


for making tests under your own conditions 
" " , Gallon Can 


‘SAUEREISEN ‘ewcnt” No.8 
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..- deliver galtons 
of power 


! 
lower Kyurge 


Solenoids 
with LCD (Low Current Draw) 


@ Develop as much force as solenoid 
2 or 3 times as large 


@ Continuous duty rating 


SOLENOIDS + COILS + ELECTRICAL COMPONENTS 


anderson controls, inc. 
9959 Pacific Avenue 
Franklin Park, Illinois 


TWX: FK PK 3573 Phone: GLadstone 1-1210 


Circle 273 on Inquiry Card 





COPPER-GRAPHITE 


me, 


SILVER-NICKEL \ 


SILVER-MOLYBDENUM 


SILVER-GRAPHITE 


ELECTRICAL 
CONTACTS 


(Above photomicrographs 
typical conta 


here’s helpful selection and use data on 


THE CREAM OF OVER 
1500 CONTACT GRADES 


Just off press, this 56-page Stackpole Booklet 12-A is a practical guide to 
composition contact grades, possibilities, properties, uses, shapes, sizes .. . 
even contact attachment methods. 

By molding contacts from two or more metal or carbon-graphite powders, 
Stackpole Custom Engineering obtains a maximum of the advantages of 
each material and minimizes its disadvantages. The result is a greater overall 
efficiency than is generally possible with a single solid metal or alloy. Many 
of the most desirable contact metals cannot, of course, be alloyed satisfac- 
torily but they can be made from powders in almost any desired proportion. 

Composition contact engineering under exclusive Stackpole processes is 
characterized by its extreme flexibility in obtaining exact needed properties. 
This is best evidenced by the fact that over 1500 different grades representing 
different metallurgical mixtures have been produced for specific applications. 

In various instances, their advantages permitted increased equipment rat- 
ings. In others, they paved the way to smaller, less costly equipment. Often, 
they simply combined long, trouble free operation with maximum economy. 

This Booklet by no means attempts to present composition contacts as a 
universal answer to all problems. However, for design and production 
engineers who appreciate the basic logic behind them and who recognize 
that conventional contact types often leave something to be desired, it will 
provide a wealth of helpful information and guidance. 

A copy may be obtained on letterhead request (ask for Booklet 12-A) to: 
STACKPOLE CARBON COMPANY, St. Marys, Pennsylvania. 


CUSTOM ENGINEERED CONTACTS 


Also: BRUSHES for all rotating electrical equipment; GRAPHITE CHEMICAL ANODES 
BEARINGS @ SEAL & CLUTCH RINGS e VOLTAGE REGULATOR DISCS e FRICTION SEGMENTS 
CERAMIC MAGNETS . . . and many other carbon, graphite and metal powder products. 
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lash gears, slip clutches and infinitely 
adjustable limit stops. Material and 
design requirements of MIL-E-5400C 
are met. Ball bearings are ABEC Class 
7 corrosion-resistant steel. Precision 
Mechanisms Corp., 577 Newbridge Ave.. 
East Meadow, N.Y. 

Circle 591 on postcard at end of book 


VOLT-AMPERE TESTER 


Tester offers accuracy of both voltage 
and current readings of +3 per cent 
of full scale. Readings obtained on 
full-size 1.8-in. calibrated scale. No 


shutdown or ammeter connections re- 
quired. Pocket-size unit is available in 
25, 50 or 100 amp full scale and 
150/600 volts a-c. Pyramid Instrument 


Corp., 630 Merrick Rd., Lynbrook, N.Y. 
Circle 592 on postcard at end of book 


MODULE EXTRACTOR 


Model 84 extractor facilitates removal 
of Series 300 printed-circuit modules 
from the “NAVCOR” 80-320 Series 


mounting racks. Limits excursion of 
module to % in. during extraction. 
Navigation Computer Corp., 1621 Sny- 
der Ave., Philadelphia 45, Pa. 

Circle 593 on postcard at end of book 
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VOLTAGE-REFERENCE 
MERCURY BATTERY 


Battery is a miulti-voltage reference 
source for instrument calibration, bias 
circuits and supplying stable d-c out- 
put for measurements. Unit is not dam- 
aged by brief short circuits, sustained 


drain within rated capacity, severe 
vibration or physical shock. Provides 
eight outputs from 0-10.8 volts in 1.35- 
volt increments, has an accuracy of 
tl, per cent of open-circuit voltage. 
Is temperature stable within 1 per 
cent from —20 to -++-160 F at drains up 
to 100 pwamp. P. R. Mallory & Co., 
Inc., Indianapolis 6, Ind. 

Circle 594 on postcard at end of book 


VOLTAGE FOLLOWER 


Model 302E Electrosensor is a_high- 
impedance voltage follower for driving 
test equipment, control devices, low- 
voltage meters and servo systems. In- 
put impedance is approximately 10'° 
ohms. Output measurements are within 


0.001 per cent of input voltages. Pro- 
duces output impedances of less than 
1 ohm. Voltage readout ranges from 
100 mv full scale to 250 volts full scale. 
Halex, Inc., 310 E. Imperial Highway, 
El Segundo, Calif. 

Circle 595 on postcard at end of book 


See Product Index for this issue on 


99 
page 238. 
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Produce 4,000 finished wire leads per 


hour...with terminals at both ends! 
eI ! 


NEW ARTOS CS-9-AT 
AUTOMATIC MACHINE 


]. measures any type of wire. 

2. cuts off wire to length. 

3. strips one or both ends. 

4. attaches terminals at both ends. 
provides stations for other work. 


NOW YOU CAN produce up to 4,000 finished wire leads per hour—with 
terminals attached at both ends—when you install this new high-speed 
machine. 


The ARTOS CS-9-AT handles almost any type of wire automatically. 
Taking wire from the reel, it measures, cuts to length, strips insulation, 
attaches terminals and provides uniform collection of the finished leads. 
Most types of terminals in prefabricated strip form can be used. 


Also, the machine is furnished with a multi-station conveyor that 
permits several stations to be used for secondary operations such as in- 
spection, twisting, welding, etc. 


Get the complete story on the new ARTOS CS-9-AT—ask for engi- 
neering advice on your special problems. 


eeeeeeree 


ARTOS CS-9-AT CAPACITY 


Wire Sizes: 20-gauge to 4-gauge. 

Cutting Lengths: 6’’ min. to 90’ max. 

Stripping Lengths: %4’’ to 1/2’’. 

Output: 6’’-45”’ lengths—4,000 per hr. - 
45’’-90"" lengths—2,000 per hr. * 


eeeeecrecee 


Write for Free Bulletins 


Bulletin 358 describes CS-9-AT machine. 
Also ask about other Artos machines to 
handle wire from 30 to 000 gauge; cut 
lengths from 2 in. to 45 ft.; strip insulation 
from % in. to 10 in. 


THROUGHOUT THE 


WORLD World Leaders in Automatic Machines 


for Finishing Wire Leads 


ARTOS ee 8 


2741 South 28th Street - 


Cc © e 


Milwaukee 46, Wisconsin 
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PRODUCT INDEX 


Components, parts and materials described in this issue's editorial and advertising pages. 


Key: page number only indicates advertisement; letter ““e"’ with page number indicates editorial mention. 


COMPONENTS, 

ELECTRICAL /ELECTRONIC 
Capacitors—21, 56, 154e, 198e 
Clocks, digital—207 

Contact devices 


Brushes and brush bolders—166, 
233 
Contacts and contact points— 
236 
Control systems—162e, 170e, 1 
5 


72e 
Cooling equipment—166e, 222e 


e 


Electron tubes 
Counting—133, 229 
Special—175 


Fans and blowers—190e 
Fileers—198e, 200e 
Fittings, conduit—-162e 


Heating elements——154e, 224e 


Lights, indicator—-46, 


164e, 17 
190, 218 


Magnetic amplifiers—10, 170e 

Magnetic components 
Bobbins and core boxes—224 
Coils and windings—58e, 213 
Cores—140, 1Gle, 167, 185 
Permanent magnets—\G6le, 177 
Shielding—244e 

Meters, panel—136, 159, 232 


Microwave devices—158e 


Potentiometers 43, 
196e 


Protective devices 


192e, 194e, 


Circuit breakers 
Fuses—153 


18, 42, 204e 


Relays 
General purpose — 142, 152, 
l6Gle, 162e, 163, 200e, 202e 
Industrial—41, 138, 163 
Latching—55 
Mercury—182, 227 
Miniature — 152, 
204e, 208e, 241 
Special— 152, 162e, 190, 227 
Telephone—152 
Time delay—\6le, 182, 202e, 
221, 239 
Resistors—39, 154e, 19le, 192e, 
194e, 19G6e, 198e, 208, 221 


162e, 204, 


Semiconductor devices 
Controlled rectifier—26 
Rectifiers and diodes—9, 154e, 
157, 168, 174, 187, 199, 223 
Thermoelectric devices 68e, 
154e 
Transistors—4 


220e, 225 


7, 131, 154e, 199, 


238 


Servo Back cover, 


178e, 197 


components 


166e, 70e, 172e, 


1 
212, 221, 


234e 
Solenoids—31, 195, 235 
Static switching elements—27 
Switches 
Controllers and contactors—35, 
166, 182, 240 
174e, 201, 211, 21Ge 


162e 


Limit 

Pressure 
Proximity 196, 2l2e 
Pushbutton—A6, | 


Roteary—164, 1G64e, 208e, 212e, 


> 
45, 21l4e 


2l4e 
Slide + 
Snap action 46, 145, 

205, 206e 
Special—139, 210e, 216e 
Stepping—25, 200 
Toggle—46, 145 


Telephone handset cradles 
Timers—162, 200e, 239 
Transducers 
Frequency—19le 
Pressure—19 le, 210e 
Rotary displacement—1\72e 
Thermocouples—190e 
Transformers 154e, 172e, 17 
176e, 180, 196, 209, 214, 


Valves, solenoid—162e, 186e, 


Wire and cable 

Magnet—5, 23, 194 

Power 161 
Wiring devices 

Cable clamps and clips——\G6le 
Inside back cover, 
L, 15, 179, 283, 218 


Connectors 


Cord grips—234 

Cord sets—143, 158e, 165, 
231 

Plugs and jacks—183 

Terminals—186, 207, 234, 

Terminal blocks—-188, 213 


COMPONENTS, 

MECHANICAL /STRUCTURAL 
158e, 160e, 174e, 186e 
Bearings—20, 188e 

Belting —160e 

Bushings—2 34 

Clutches—227 


158e, 160e, 178e, 227 


Actuators 


Couplings 
Fasteners 
Bolts and nuts—-160e 
158e 
QOuick-operating—160e 
Rivets——_160e 
160e, 20 


178e, 227 


Clamps 


Screw's 


Gears 49, 


Housings and enclosures—205 
Hydraulic cylinders—160e 
Knobs, handles 


Mounting hardware 


226e 

184e, 22G6e 
Nameplates and tags—201 

182e 
Powdered metal parts 
Pulleys—182e, 
Seals and gaskets. 
160e 


Speed reducers—178e, 227 


Piastics parts 
162e 
184e, 228 

lGle, 224e 


“pacers 


COMPUTERS AND 
COMPUTING COMPONENTS 
Digital computers—33 

164e 

l64e, 16Ge, 195, 218e 


Encoders 


Readouts 


DRAFTING MATERIALS AND 
EQUIPMENT 


Reproduction machines—202 


DRIVES 
Electrical—172e, 224 
Mechanical 

Constant speed Inside front 
cover, 158e 


Variable speed—158e, 228 


INSTRUMENTS AND TEST 
EQUIPMENT 
Amplifiers—15Ge, 170e, 232e 
Environmental chambers—232e 
Meters 52, 156e, 228e, 2306e, 
236e 
Oscilloscopes—154e, 217e 
Power supplies—129, 154e, 170e, 
172e, 205, 234e 
Recorders—51, 54, 149 
Shock and vibration—228e, 230e 
equipment 154e, 


15Ge, 228e, 230@ 224e, 23Ge, 


Special test 
237e 


Standards—232e, 237e 


MATERIALS, 
ELECTRICAL /ELECTRONIC 
Conductive materials—215 
Contact materials—29, 236 
Insulation and dielectrics 
Casting resins 53, 141, 156, 
219 
Laminates 38. 44, 50, 
189, 198 
Mica—135 
Molding compounds—5}3, 219 
Tape 37, 45, 113e, 216, 220 
210, 216 


V arnishes—A45 


162e, 


Tubing 


Magnetic materials 
Alloys—\G6le, 192 

Wire and cable 
nents, Electrical/Electronic ) 


(see: Compo- 


MATERIALS, 
MECHANICAL /STRUCTURAL 
Adhesives—2 35 
Fabricated parts— (see 
Metals 

Alloys, general—\Gle 


Services) 


Copper, brass, bronze léle 
215 
Non-metallic materials 
182e 
Plastics—216 


Lubricants 


Protective coatings 


Chemical—lGle, 206 


MOTORS AND GENERATORS 
Fractional-hp motors—2, 24, 156e, 

166, 173 
Gearmotors—218, 226 
Generators—235 
Integral-hp 

188, 203 
Motor-generators—1 56e 
Precision—30, 158e 

2 15Ge, 158e 


Special 24, 
176e, 184, 190e, 242 


motors 15Ge_ 173, 


PRODUCTION EQUIPMENT, 

TOOLS 

Coil winding—201 

Layout fluid—213 

Processing equipment 158, 162, 
172 

Welding equipment—178 

Wiring machines—193, 207, 237 


SERVICES, MATERIALS AND 

COMPONENT FABRICATION 

Ceramics fabrication 158, 174, 
195 

Coil winding—171, 207 

Metal fabrication—49, 144 

Other fabrication—16 

Plastics fabrication—221 


SERVICES, MISCELLANEOUS 
33, 230 


Employment—36, 155 


Data processing 


Transportation—19, 239 
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Now—EASTERN’S Flying Freighters offer 


OVERNIGHT 
DELIVERY | 


New York—Miami—San Juan 
New York—Atlanta—New Orleans—Mobile—Houston 
Chicago—Atlanta—Miami—San Juan 


@ Reserved space on every Freighter flight. 

@ Pressurized and temperature-controlled. 

@ Flights daily except Saturday and Sunday nights. 
@ Pickup and delivery service available. 


In addition, Eastern offers freight space on over 400 daily passenger |, 
flights—including DC 8-B Jets and Prop-Jet Electras—to 128 cities :aaaie 
in the United States, Canada, Bermuda, Puerto Rico and Mexico. 


For Information and Freight Reservations, call your 
Freight Forwarder, Cargo Agent or Eastern Air Lines. 


EASTERN AIR LINES 
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HAGEN 


repeat cycle 
Te 


FOR INTERRUPTING 
ELECTRIC C/RCUITS 
AT A PRE-ARRANGED 
TIME SETTING 


%& Split Cams for variable 


percentage setting 


%* Time cycles from 1 sec. 
to 60 min. 


%& Contact Rating 15 Amps. 
at 115 V AC. 7.5 Amps. 
at 440 V. AC. 


MODEL 71 


Ideal for grease injection, 
motor control, humidifiers, sig- 
nal lights, pulsing circuits, 
vending machine and appli- 
ance control. One and two 
circuit models available. 


ENCLOSED 


Write for Bulletin 1310 for complete specifications and types 
available. Address Dept. ET-161. 


BLISS 


HAGEN MANUFACTURING DIVISION 


Of The Gamewell Company 


BARABOO, 
WISCONSIN 


AN E. W. BLISS COMPANY SUBSIDIARY 
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miniature 


THERMAL time delay 
RELAY 


@ Rugged, high strength bakelite housing 
e@ Simplifies circuitry . . . cuts costs 
@ Eliminates costly magnetic relays 
RATED: 100 milliamps to 10 amps 
Up to 115 V a-c 


PRODUCTS COMPANY OF AMERICA 


6284 N. Cicero Ave. « Chicago 46, Ill. 
Kildare 5-1553 


IN CANADA: 265 Craig St. West © Montreal 1, Que. 
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Here are rugged, reliable 


COMPACT CONTACTORS 


for high capacity service! Electro-Technology 


Formerly Electrical Manufacturing 


205 East 42 Street, New York 17, N. Y. Pelephone MU 9-3250 


BUSINESS STAFF 


ROBERT G. DRAKE, Sales Manager LOS ANGELES, 864 South Robertson Blvd 


John C. Clemens 
AL ROSE, Sales Promotion Manager 
NEW YORK, 205 East 42 Street 


James J. Sullivan, Reg 


CHICAGO, 737 No. Michigan Ave Robert A. Kuhn 


ZONIA M. DOBRIAN, Advertising Service Mer 


John T. Dix, Director of Midwest Operations CLEVELAND, 3101 Eu 


David Jealous Kenneth F. Fairleigh 
Charles P. Gass Richard M. Morrow 


INDEX TO ADVERTISERS 


For information on any of the products or services advertised in this issue, use the con- 
venient Reader Inquiry Service postcards at end of book—or write directly to advertiser. 


AC Spark Plug, The Electronics Div. of 


Chicago Dynamic Industries, Inc., Pre- 
General Motors 


cision Products Div. 


AMP Incorporated Clare & Co., C. P. 


Air Express Div. of R.E.A. Express Clifton Precision Products Co., Inc. 

Akron Porcelain Co. Back Cover 
Allen-Bradley Co. : Comar Electric Co 152 
Allied Research Products, Inc. Communication Accessories Co. 209 


Continental-Di on Fibre A Sub. 
Alva Alle . a am d br i Sub 
lva Hen Industries Tl B iM Go. . 0 


Industrial and Motor Amnpecen: loreepnic: Corp. . Controls Co. of America 


Amperite Co., Inc. 


Cornish Wire Co. 
cS O N a R O i j SS Amphenol-Borg Electronics Corp., 


5 Co sti 
phenol Connector Div. osmo Plastics Co. 


Take a good look at the B/W line of magnetic and Anaconda American Brass Co. oe ener rom Say Se 


reversing contactors and you'll get a refreshing Anaconde Wite & ‘Cable Go. 3 Cubic Corp. 


ncept of motor control quality and value. — oa ; . 
new concep _ , q , en Curtis Development & Mfg. Co. 
(0 They're small in size—simple, straightforward 


: . : ; Cutler- » -, 

in design—easy to wire—and ruggedly built to Arnold Engineering Co., The i itler-Hammer Inc 

give you reliable, long-life service on a wide range Asentd Messi Com. aces 

of high capacity control applications. All contacts ; Dano Electric Co., The 

are vertically mounted up front. Built-in return Arrow-Hart & Hegeman Electric , alan 

springs provide fast, positive breaks. Armatures The sin ia ate 

travel in a straight predetermined plane to assure Actos Engincering Co. 

proper seating, quieter operation. Available in Soules Malte Wie, of Genecel Menn 
low-cost horsepower and ampere rated models Assembly Products, Inc. 


A Sf . Deluxe Coils, Inc. 
to meet your special application requirements. Automatic Electric, Sub. of General 


Telephone & Electronics Detroit Coil Co. 
mpenests es : 
Other Reliable B/W Electrical Contre! Compene ta aise eal Dow Corning Corp. 44, 


Durakool, Inc. 


Durez Plastics Div., Hooker Chemical 


‘ai Corp. 
B/W Controller Corp., The 


Dykem Co., The 
Babcock Relays, Inc. 


Barber-Col C Dynacor Inc., A Sub. of Sprague Elec- 
arber-Colman Co. 7 
Induction Type & Magnetic Starters & tric Co. 
Electronic Relays Combination Starters Belden Manufacturing Co. 
: llectri : ee ETA Products Co. of America 
Custom Engineered Push and Pull Type Bodine Electric Co oduc 0. O c 


Control Panels A. C. Solenoids Borg Equipment Div., Amphenol-Borg Eastern Air Lines 
Electronics Corp. ee 45 


Eastman Chemical Products, Inc., Sub. of 
Brush Instruments Div. of Clevite Corp. 51 Eastman Kodak Co. 
Buchanan Electrical Products Corp. 188 Electrix Corp. 
Burndy, Omaton Div. . Inside Back Cover Electro Motive Mfg. Co., Inc., The 
Burroughs Corp., Electronic Tube Div. 229 Electro Products Laboratories 
Bussmann Mfg. Div., McGraw-Edison Elgin National Watch Co., Elgin-Ad- 


vance 
Complete technical data available upon request—write today! 


CONTROLLER 
THE 3 CORPORATION 


2200 E. MAPLE ROAD * BIRMINGHAM, MICHIGAN Cannon Electric Co. 183 Fairchild Semiconductor Corp. 


Emerson Electric of St. Louis 


Manufacturers of Liquid Level and industrial Motor Controls | Cetron Electronic Corp., Plastics Div. 156s‘ Friden Inc. . 230 
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Gear Specialties, Inc. 


General Electric Co. 
Apparatus Sales Div. 
Chemical Materials Dept. 
Miniature Lamp Dept. 


General Industries Co., The 
Globe Industries, Inc. 
Gries Reproducer Corp. 


Guardian Electric Manufacturing Co. 


Hagen Manufacturing Div. of the 
Gamewell Co. 


Hartwood Glass & Metals Co. 
Haydon Co., The A. W. 

Heinemann Electric Co. 

Heinz Mueller Engineering Co., Inc. 


Helipot Div. of Beckman Instruments, 
Inc. 136, 


Hevi-Duty, A Div. of Basic Products 
Corp. 


Hewlett-Packard Co. 
Heyman Manufacturing Co. 
Hi-Lo Manufacturing Co. 
Hoffman Engineering Corp. 


Hooker Chemical Corp., Durez Plastics 
Div. 


Howard Industries, Inc. 


Hughes Aircraft Co. 
Aerospace Engineering Div. 
Industrial Systems Div. 


IBM, Data Processing 
Ideal Industries, Inc. 


Indiana Steel Products Div. of Indiana 
General Corp. 


Industrial Electronic Engineers, Inc. 


International Telephone and Telegraph 
Corp., Semiconductor Dept., Compo- 
nents Div. 


Jones Div., Howard B., Cinch Manufac- 
turing Co., Div. of United-Carr Fast- 
ener Corp. 


Kato Engineering Co. 

Kepco, Inc. 

Kirk & Blum Manufacturing Co., The 
Knox Porcelain Corp. 


Krueger & Hudepohl, Inc. 


Lepel High Frequency Laboratories, Inc. 


Light Electric Corp. 
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McGill Manufacturing Co., Inc., 
trical Div. 


Macallen Co., The 

Magnetic Metals Co. 

Malco Manufacturing Co. 

Mallory & Co., Inc., P. R. 28, 
Merkle-Korff Gear Co. 


Midwest Molding and Manufacturing 
Co. 


Minneapolis-Honeywell Regulator Co. 
Heiland Div. . 


Molon Motor & Coil Corp. 
Moseley Co., F. L. 


Motorola Semiconductor Products Inc., 
A Sub. of Motorola, Inc. 


Mystik Adhesive Products, Inc. 


National Acme Co., The 
National Band & Tag Co. 
New Jersey Wood Finishing Co. 


Ohmite Manufacturing Co. 


Oster Manufacturing Co., John, Avionic 
Div. 


PIC Design Corp., Sub. of Benrus Watch 
Co., Inc. 


Packard Electric Div. of General Motors 


Paragon-Revolute Div. of Charles Brun- 
ing Co., Inc. 


Pennwood Numechron Co. 


Phelps Dodge Copper Products Corp., 
Inca Manufacturing Div. 


Polymer Corp. of Pennsylvania, The 


Potter & Brumfield, Div. of American 
Machine & Foundry Co. 


Power Designs Inc. 


Pyles Industries, Inc. 


Radio Receptor Co., Inc., Sub. of Gen- 
eral Instrument Corp. 168, 


Raytheon Co., Semiconductor Div. 
Reuland Electric Co. 

Robbins & Myers, Inc. 

Rome Cable Div. of Alcoa 160, 


Royal Electric Corp., An Associate of 
ree 


SKF Industries, Inc. 20 
Sauereisen Cements Co. 235 


Servospeed Div. of Electro Devices, Inc. 224 
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WHAT IS RELIABLERELAYABILITY? 
IT’S ELGIN ADVANCE’S ABILITY TO 
BUILD A RELIABLE QUALITY RELAY 
LIKE THE SENSITIVE MQ SERIES. 


THE MQ SERIES CRYSTAL-CAN-SIZE 
HERMETICALLY SEALED RELAY IS 
AVAILABLE IN THREE SENSITIVITIES 
TO MEET VARYING MILITARY AND 
INDUSTRIAL REQUIREMENTS. THESE 
CURRENT-OPERATED RELAYS COME 
WITH PLUG-IN PINS FOR PRINTED 
CIRCUIT USE, SOLDER HOOKS AND 
3-INCH LEADS AND A VARIETY OF 
MOUNTING ARRANGEMENTS. ALL 
CONNECTIONS ARE SPACED ON 0.2 
INCH GRID. 


~__ SPEC MQA__MQB__—MQC__ 
Pull-in Power 
(@ 25°C) 


Contact Rating 
(Res @ 28VDC 
or 115VAC) 


Operating and 
Release Times 5 MS ea_6 MS ea 7 MS ea 


Shock __—'50G_——35G_—20G 


Contact Arrangement: DPDT 

Temperature Range:—65°C to +-125°C 

Dimensions: 0.875 in. h x 0.800 in. w x 
0.396 in, thk 

Weight: 0.6 oz. 


Life (at rated load): 100,000 operations 
minimum 


ELGIN ADVANCE 


Elgin National Watch Company 
2435 N. Naomi St., Burbank, California 


250 MW_100 MW 50 MW 


2amps lamp amp _ 


Circle 279 on Inquiry Card 


241 





This cutaway view shows a 
150 rpm governed motor 
that runs for more than a 
year on a single ‘‘D’’ flash- 
light battery. Originally 
developed by The A. W. 
Haydon Company to drive 
a cordless electric clock, 
its 1.5V motor winding 
keeps accurate time(+10 
seconds over 24 hours... 
or an accuracy of 1/50 of 
1%) over a voltage range 
from 0.9V to 1.8V. In its 
first application, this con- 
stant-speed DC motor was 
used in a chart drive hav- 
ing a timing cycle of 192 
hours. Withal, a fine ex- 
ample of the A. W. Haydon 
Company’shighcapability 
in timing devices, be they 
electrical or electronic. 


WHO'S FOR 
A REALLY 


on | 


> io 


So new, that 
AW.HaydonCo. 
has found only 
one customer 
for it...so far! 


Do you have an applica- 
tion requiring a DC motor 
having extremely low cur- 
rent consumption, very 
high accuracy, and long 
life at constant speed? If 
so, you should know more 
about this new chronom- 
etrically governed motor: 
windings for nominal volt- 
ages from .5V to 12V with- 
in the same motor frame 
are available...weight is 
only 3 oz., even when en- 
closed in a 2%” x 1%” x 
Y2" plastic dust cover... 
and there is a convenient 
means for adjusting reg- 
ulation. An appropriate 
gear train can also be 
fitted. Write for any other 
specifics you feel you 
would like to know about. 


> AWA 


234 North Elm Street, Waterbury 20, Connecticut 
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Smith Corp., A. O. 
Spaulding Fibre Co., 


|} Speer Carbon Co., 


| Square D Co 


| Stackpole Carbon Co. i, 





| 


| 


| Struchers-Dunn, 
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Union Plastics Co., Div. of 
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“Certificate of Readership” 


“Certificate of Readership” aptly describes the 
buff-colored questionnaire which our Circulation 
Department will soon be sending to every primary 
reader of Execrro-TecHNOLocy. (By “primary” 
reader we mean those engineers and technologists 
to whom monthly copies of the magazine are now 
being directly addressed.) 

The form has been drawn up to check the pres- 
ent correctness of each addressing stencil, to ver- 
ify the participation of each reader in the design 
engineering activity, and also to certify the desire 
of the reader to continue to receive monthly copies 
of the magazine. 

Although very simple in its get-up—actually, the 
form takes but a minute or two to fill out—this 
“Certificate of Readership” fills an important 
niche in our publishing operations. It enables us 
to stand back of every reader stencil when the 
annual circulation audit rolls around. You see, 
as members of the Business Publications Audit of 
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Circulation, we are required to verify periodically 
certain information essential to our audit files. 
Also, from a practical publishing standpoint, it 
is imperative that we drop from the circulation 
rolls those individuals who are no longer identified 
with the field or who have otherwise ceased to 
benefit from our editorial fare in the areas of ad- 
vanced engineering. Copies thus saved are needed 
to help satisfy the insistent demands from the cir- 
culation “waiting” list. 

So, when that buff-colored form titled “Certifi- 
cate of Readership” reaches your desk, do your- 
self a favor by giving it your immediate attention. 
By filling out the form and returning it promptly, 
you'll keep yourself in “good standing” as one of 
our valued primary jetiaes. For our part, we'll 
see to it that—assuming you continue to qualify— 
monthly copies of the magazine will keep coming 
to you regularly—without subscription charge 
either to you or to your company. 
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SIMPLIFIES GROUNDING SHIELDED CABLE 9 


y 


ETSY 
steps— 
7h 
aa] 6 
LOW-COST 


1-piece, —— INNER SUPPORT MEMBER 
protects cable insulation 


pre-insulated 


I connector CRIMPED OUTER PORTION 
distributes pressure over full area of braid 


INTEGRAL NYLON SLEEVE 
can’t slip, extends beyond both ends of 
ferrule, flared for easy insertion of tap 


INSERT braid and tap wire CRIMP with the Burndy Hytool 


UNIRING connections are...mechanically stable and reliable: a single crimp 
completes a uniform, vibration-resistant, insulated connection —controlled by 
full-cycling color-coded tooling—no heat or burnt cable...electrically stable: 
low resistance, noise-free...space saving: only a few mils larger than cable 
diameter. For more details, call or write OMATON Division. 


Meets performance of MIL-F-21608 (AER) and is manufactured in accordance with drawing MS 25312 (AER). 


442A D Ww 


Norwalk, Connect. In Europe: Antwerp, Belgium Toronto, Canada 
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SIZE 8 SYNCHROS 


pone “hows 
Aces Gooner 


1 { max. 
ERROR 


TYPICAL DISTRIBUTION CURVES ON LOT OF 1200 UNITS 


Extreme uniformity and thermal stability ACCURACY 
are maintained in these premium synchros 

in all electrical characteristics—and espe- 

cially accuracy. 


They are high temperature resistant units 
and retain their stable characteristics over 
a temperature range of —55°C to +125°C. 
Exposure to +150°C is feasible for short 
periods of time. 


These are production line units—not se- 
lected. Delivery is in 45 days; prototype 
quantities immediately. 


ELECTRICAL CHARACTERISTICS Dc 
ROTOR AS PRIMARY STATOR AS PRIMARY RESISTANCE IMPEDANCE 


Input input Input Output Phase Input Input input = Output 
SYNCHRO FUNCTION CPPC TYPE Voltage Current Power Voltage Sensitivity Shift Voltage Current Power Voltage Sensitivity \ Rotor Stator qr 7s Ztss 
40~ Amps Watts Volts MV /deg deg lead 400~ Amps) (Watts Volts MV /deg deg lead Ohms) (Ohms ) Ohms) Ohms 


For additional information, call or write our Sales Department, 5050 State Road, Drexel 
Hill, Pennsylvania, MAdison 2-1000, TWX LNSDWN, PA. 1122(U)—or our Representatives. 


CLIFTON PRECISION PRODUCTS CO., INC. 


Clifton Heights, Pennsylvania 


ENGINEERS—lJoin a pioneer in the rotary components field. Write David D. Brown, Director of Personnel. 
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